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CHAPTER  XV. 

THE  DURATION  OP  HUMAN  TRIBAL  HISTORY. 

Comparison  of  Ontogenetic  and  Phylogenetic  Periods  of  Time. — Dmntion  of 
Germ-history  in  Man  and  in  Different  Animals. — Extreme  Brevity  of 
the  Latter  in  Com|>ari8on  with  the  Immeasurable  Long  Periods  of 
Tribal  History. — Relation  of  this  Rapid  Ontogenetic  Modification  to  the 
Slow  Phylogenetic  Metamorphosis. — Estimate  of  the  Past  Daration  of 
the  Organic  World,  founded  on  the  Relative  Thickness  of  Sedimentary 
Rock-strata,  or  Neptnnian  Formations. — The  Five  Main  Divisions  in 
the  Latter :  I.  Primordial,  or  Archilithic  Epoch.  II.  Primary,  or 
PftlsDolithic  Epoch.  IIL  Secondary,  or  Mesolithic  Epoch.  IV.  Tertiary, 
or  Cnnolithic  Epoch.  Y.  Quaternary,  or  Anthropolithic  Epoch. — The 
Relative  Daration  of  the  Five  Epochs.— The  Resolts  of  Comparative 
Philology  as  Explaining  the  Phylogeny  of  Species. — The  Inter-relatioDs 
of  the  Main  Stems  and  Branches  of  the  Indo-Germanic  Languages  aire 
Analogous  to  the  Inter-relatioas  of  the  Main  Stems  and  Branches  of 
the  Vertebrate  Tribe.— The  Parent  Forms  in  both  Cases  are  Extinct.  — 
The  Moat  Important  Stages  among  the  Human  Ancebti-al  Forms. — 
Monera  originated  by  Spontaneous  Generation. — Necessity  of  Sponta- 
Aeous  Generation. 

''In  Tuin  as  yet  has  it  been  attempted  to  draw  an  exact  line  of  demarcation 
between  historic  and  prehistoric  times ;  the  origin  of  man  and  the  period  of 
his  first  appearance  pass  back  into  indcGnaUo  time ;  the  so-called  archaic 
Age  cannot  be  sharply  distinguished  from  tbo  present  age.  This  is  the  fate 
of  all  geolugical,  as  of  aU  hiatorical  periods.  The  periods  wliich  we  dis- 
tinguish are,  therefore,  more  or  less  arbitrarily  defined,  and,  like  the  div  ision^ 
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in  iTttanuktia  natnml  hlstiir7,  can  only  sprve  to  bring  the  EnbJMrt  of 
■tnd;  belter  before  as  and  to  render  it  more  matiugeablo ;  bat  not  lo  m 
teal  dUtinolioas  betweea  different  things." — Bekniubd  Con4  (1666). 

Our  comparative  study  of  the  Anatomy  and  Ontogeny  < 
the  Amphioxus  and  the  Ascidian  has  afforded  us  aid,  tha 
value  of  which  can  hardly  be  over-estimated,  towards 
acquiring  a  knowledge  of  human  Ontogeny,  For  in  ths 
first  place  we  have  in  this  way  filled  up,  aa  regards  Anatomy,' 
the  wide  chasm  which  in  all  previous  systems  of  tha 
animal  kingdom  existed  between  Vertebrates  and  Inverte- 
brates ;  and  in  the  second  place,  in  the  germ-history  of  tha 
Amphioxus  we  have  recognized  primordial  phases  of  de- 
velopment, which  have  long  disappeared  from  the  Ontogenj 
of  Man,  and  which  have  been  lost  in  accoi-dance  with  the 
law  of  abridged  heredity.  Of  special  imijortance  amon^ 
theso  phases  of  development  is  the  Archigastrula,  the  ori- 
ginal, genuine  Gastrula-form  which  the  Amphioxus  has 
retained  up  to  the  present  time,  and  which  re-appears  i 
the  same  form  in  low  invertebrate  animala  of  the  mot 
diverse  classes. 

The  germ-histoiy  of  the  Amphioxus  and  the  Ascidia] 
has,  therefore,  so  far  perfected  our  direct  knowledge  i 
human  genealogy,  that,  notwithstanding  the  incomplete&esi 
of  our  empiric  knowledge,  there  is  no  essential  gap  of  any 
great  moment  in  the  pedigrea  We  may,  therefore,  at  once 
proceed  to  our  task,  and,  aided  by  the  ontogenetic  i 
comparative -anatomical  materials  at  our  command,  i 
reconstruct  the  main  outlines  of  human  Phylogeny.  Thi 
immense  importance  of  the  direct  application  of  the  fundf  ^^ 
mental  biogenetic  law  of  the  causal  connection  betiriM 
Ontogeny  and  Phytogeny  now  becomes  evident.    But,  befii 
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begiiming  ttua  task,  it  ^rill  be  well  to  note  a  few  other 
general  iacts  which  may  enable  us  better  to  untierstanii  the 
phenomena  we  are  about  to  study. 

Firstly,  it  may  not  be  out  of  place  to  insert  a  few 
remarks  as  to  the  duration  of  time  during  which  Man  waa 
(leveloping  from  the  animal  kingdom.  The  first  thought 
that  occurs  to  the  mind  when  we  consider  the  fact«  in 
question,  is  of  the  immense  difference  between  the  duration 
of  the  germ-history  of  Man  on  the  one  hand,  and  of  his 
trib&l  history  on  the  other.  The  brief  period  in  which  the 
Ontogeny  of  the  human  individual  takes  place,  bears  no 
proportion  to  the  infinitely  long  period  required  for  the 
PLylogeny  of  the  human  tribe.  The  human  individual 
requires  nine  months  for  its  perfect  development,  from  the 
fertilized  egg-cell  to  the  moment  at  which  it  is  bom  and 
cjuits  the  mother's  body.  The  human  embryo,  tlierefoie, 
pAHses  through  the  whole  course  of  its  development  in  the 
brief  space  of  40  weeks  (usually  in  exactly  280  days). 
Each  man  is  really  older  by  this  period  than  is  usually 
aasumed.  When,  for  example,  a  child  is  said  to  be  0^  years 
old,  he  is  in  reality  10  years  old.  For  individual  existence 
doos  not  begin  at  the  moment  of  birth,  but  at  the 
moment  of  fortilizatioa  In  many  other  Mammals  the 
duration  of  the  embryonic  development  is  the  same  as  in 
Man,  e.g.,ti\a  Ox.  In  the  Horse  and  the  Asa  it  is  somewhat 
lunger,  viz.,  from  43  to  45  weeks;  in  the  Camel  it  is  13 
montlia.  In  the  largest  Uanimals  the  embryo  requires  a 
mocb  longer  time  for  its  complete  formation  within  the 
inftt«ma]  body;  in  the  Rhinoceros,  for  instance,  IJ  year, 
in  the  Elephant  90  weeks.  In  the  latter  case,  therefore, 
geatetioD   lasta  more   than  twice  as  long  as  in  Man — for 


TUE   EVOLUTION   OF   MAS. 

nearly  a  year  end  three  qiiarten.  In  the  smaller  Mamuutja, 
the  duration  of  embryonic  develfipment  is,  on  the  contrarj' 
much  shorter.  Tlie  smallest  Jfammals,  the  Har\"est  Mice, 
develop  fully  in  3  weeks  ;  Rabbits  and  Hares  in  4  weeks ; 
Rats  and  Marmots  in  5  weeks ;  the  Dog  in  9,  the  Pig  in  17, 
the  Sheep  in  21,  and  the  Stag  in  36  weeks.  Development  is 
yet  more  rapid  in  Birds.  The  Chick,  under  normal  con^ 
ditions  of  incubation,  requires  only  3  weeks,  or  just  21  days 
for  its  full  development  The  Duck,  on  the  other  hand, 
takes  25,  the  Turkey  27,  the  Peacock  31.  the  Swan  42,  and 
the  New  Holland  Cassowary  65  days.  The  smallest  of  all 
Birds,  the  Humming-bird,  quits  the  egg  after  the  twelfth  day. 
It  is,  therefore,  evident  that  in  Uammals  and  in  Birds  the 
duration  of  development  within  the  egg-membranes  stands 
in  a  definite  relation  to  the  size  of  body  attained  by  each 
vtrtebrate  species.  But  the  latter  is  not  the  sole  dotemiin- 
iiig  cause  of  the  former.  There  are  many  other  circum- 
stances which  influence  the  duration  of  individual  develop- 
ment within  the  membranes  of  the  egg."" 

In  all  cases,  however,  the  duration  of  the  Ontogeny 
appears  infinitely  brief  when  compared  with  the  enormous; 
the  infinitely  long  period  during  which  the  Phylogeny,  or 
gradual  development  of  the  ancestral  scries,  took  place. 
Tills  period  is  not  to  be  measured  by  years  and  centuries, 
but  by  thousands  and  millions  of  years.  Many  millions  of 
years  must  indeed  have  elapsed  while  the  most  perfect 
vertebrate  oi^ganism,  Man,  gradually  developed  from  tba 
primseval  one-celled  ancestral  organism.  The  opponents  of 
the  development  theory,  who  regard  this  gradual  develop- 
ment of  Man  from  lower  animal  forms,  and  his  original 
descent  from  a  one-celled  primitive  animal  as  iucredihU, 
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io  not  reflect  that  tho  very  same  marvel  actually  recurs 
licforo  our  eyes  Id  the  short  space  of  u'ute  months  diuing 
tlie  embryonic  develo]»iiient  of  each  human  individual 
Th6  aame  series  of  multifariously  diverse  forms,  through 
which  our  brute  ancestors  pa-ssed  in  the  course  of  many 
uiiUions  of  years,  has  been  travcracd  by  every  Man  during 
the  first  +0  weeks  of  his  individual  existence  within  the 
aiatem&l  body. 

All  changes  in  organic  forms,  all  metamorplioses  of 
"■™»^1  and  plant  fonus,  appear  to  us  all  the  more  remark- 
able And  all  the  more  wonderful  in  proportion  as  they  occur 
more  rapidly.  When,  therefore,  our  opponents  pronounce  that 
th«  past  development  of  the  human  race  from  lower  animal 
forms  ia  incredible,  they  must  regard  the  embryonic  develflp- 
mcnt  of  tho  human  individual  from  tho  simple  egg-cell  as 
far  mon  wonderful  in  comparison.  This  latter  process — tlie 
ontogenetic  modification — which  takes  place  before  our  eyes, 
must  Appear  more  wonderful  than  the  phylogenetic  moditi- 
eation.  in  proportion  as  the  duration  of  the  tribal  history 
exceeds  that  of  the  genn-history.  For  the  human  embryo 
must  pass  through  the  whole  process  of  individual  develop- 
mentv  from  the  simple  cell  up  to  the  many-celled  perfect 
Uan,  with  all  his  organs,  in  tlie  brief  space  of  40  weeks.  On 
tho  other  bond,  we  may  assign  many  millions  of  years  for 
the  Accomplishment  of  the  analogous  process  of  phyloge- 
netic development — the  development  of  Man's  ancestors  from 
the  simplest  one-ccUcd  form. 

As  regards  these  phylogenetic  periods,  it  is  impossible 
to  fix  approximately  their  length  in  hundred's  or  in  thousands 
of  yean,  or  to  establish  any  absolute  measure  of  their 
domtiuo.     But  thu  tcscarches  of  geulo^sts  have  long  ainca 
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enabled  ua  to  estimate  and  compare  the  relative  dar^oiu 
of  the  various  periods  of  the  earth's  organic  biatory.  The 
tooat  direct  standard  for  determining  the  relative  duratioQ 
of  geological  periods  is  afforded  by  the  thickness  of  the  ao- 
called  NefituniaQ  strata  or  sedimentary  rock,  i«.,  all  those 
strata  which  have  been  deposited,  as  mud,  at  the  bottom 
of  the  ocean,  or  under  fresh  water.  These  stratified  sedi- 
mentary rocks — limestone,  clay,  marl,  sandstone,  slate,  ett — 
m'hich  constitute  the  great  mass  of  mountain-chains,  and 
which  are  often  several  thousaod  feet  in  thickness,  afford 
us  data  for  estimating  the  relative  lengths  of  the  Tarions 
periods  of  tfae  earth's  history. 

For  the  sake  of  completeness,  I  must  say  a  few  words  as 
to  the  development  of  the  earth  as  a  whole,  briefly  indicating 
a  few  of  the  more  prominent  facts  relating  to  ibis  matter. 
At  the  very  outset  we  are  confronted  with  the  weighty 
fact,  that  life  originated  on  our  planet  at  a  certain  detinite 
period.  This  is  a  proposition  that  is  do  longer  gainsaid  by 
any  competent  geologist.  We  now  know  for  certain  that 
organic  life  upon  our  planet  actually  began  at  a  certain 
time,  and  that  it  -did  not  exist  there  from  eternity,  as 
some  have  supposed.  The  indisputable  proofs  of  this  are 
famished,  on  the  one  hand,  by  physico-astronomical  cos- 
mi^ny;  on  the  other,  by  the  Ontogeny  of  organisms.  Species 
and  tribes,  like  individuals,  do  not  enjoy  a  perpetual 
life."'  They  also  had  a  beginning.  The  time  which  haa 
elapsed  since  the  origin  of  life  npoD  the  earth  up  to  the 
present  time  (and  with  this  period  of  time  alone  we  are 
here  concerned)  we  call  the  "  history  of  the  organic  eaiih," 
as  distinguished  from  the  "history  of  the  inorganic  earth" 
which  embraces  the  period  before  the  origin  of  organic  lifa 
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\  With  regard  to  tlie  latter,  wo  first  obtained  clear  ideas  from 
f  the  natural  philosophical  researched  and  computations  of 
I  the  gT«&t  critical  philosopher,  Imuianuel  Kaut,  aud  on  thia 
1  poiut  I  must  refer  the  reader  to  Kaul's  "  Allgemeiuo  Natur- 
I  geacluchte  und  Theorio  dea  Himtucia  "  and  to  the  liumerous 
CustDOgeoies  which  treat  the  aulyect  in  a  popular  style. 
I  We  cannot  here  dwell  upon  questions  of  this  kind. 

The  organic  history  of  the  earth  could  begin  only  when 

.   urater  in  tluid  drops  existed  upon  its  surface.     For  the  very 

)  of  all  organisms,  without  any  exception,  depends 

I  OD  water  in  the  fluid  state,  their  bodies  containing  a  con- 

I  eidershlc  amount  of  the  same^     Our  own  body,  in  its  fully 

developed  state,  contains  in  its  tissues  70  per  cent,  of  water 

and  only  SO  per  cent,  of  solid  matter.    The  amount  of  water 

IS  Htill  greater  in  the  body  of  the  child,  and  is  greate.st  of  all 

in  the  embryo.     In  early  stages  of  development  the  human 

I  embryo  contains  more  than  90  per  cent,  of  water,  and  not 

10   per  cent,   of  solid   matter.      In   low   marine   animals, 

especially  in  the  Mi^usse,  the  body  contains  even  more  than 

99  per  cent,  of  water,  and  not  even  ono  per  cent,  of  solid 

I   matter.      No    organism  can   exist  and   perform   iu  vital 

\  fuDCttma  witlioub  water.     Without  water  there  ia  no  life. 

Water  in  the  fluid  state,  •  which  is,  therefore,  in- 
I  dtspCDsable  for  the  existence  of  life,  could  not,  however, 
I  ippear  upon  the  earth  until  after  the  temperature  of  the 
\  turfaoe  of  the  fiery  globe  had  sunk  to  a  certain  point. 
\  Before  this  it  existed  only  in  the  form  of  steam.  As 
I  MOO,  however,  aa  the  first  drop  of  water  in  a  fluid  slate  was 
I  precipitated  by  cooling  from  the  enveJope  of  steam,  it  began 
I  iu  geological  action,  and  from  that  time  to  this  it  has 
1  continual  changes  in  the  modiHcation  of  the  hard 
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enist  of  the  earth.  The  result  of  this  unceasing  work  of 
the  water,  which  in  the  form  of  rain  aod  hail,  of  snow  and 
iee.  of  rushing  torrent  and  surging  wave  crumbles  and  di»- 
solves  the  rocks,  is  the  formation  of  ooze.  As  Huxley  sayt^ 
in  his  excellent  "Lectures  on  the  Causes  of  the  Phenomena  o£ 
Organic  Nature,"  the  most  important  fact  in  the  past  hJstoiy 
of  our  earth  is  ooze,  and  the  question  as  to  the  history  of  the 
past  ages  of  the  world  i-esolves  itself  into  a  question  as  to 
the  formation  of  ooz&  All  the  stratified  rocks  of  our  moun- 
tainous formations  were  originally  deposited  as  ooze  at  1h9: 
bottom  of  the  waters,  and  only  afterwards  hardened  into 
Bolid  stone. 

As  has  already  been  said,  it  is  possible,  by  bringing 
tt^thor  and  comparing  the  various  rock-strata  from  many- 
places  on  the  surface  of  the  earth,  to  obtain  an  approximate- 
conception  of  the  relative  ages  of  these  various  stratiw 
Geologists  have  long  agreed  that  there  is  an  entirely  definite 
historical  sequence  of  the  various  formations.  The  various 
groups  of  strata  which  He  one  over  another  con-espond  ta^ 
successive  periods  in  the  earth's  organic  history,  during 
which  they  were  deposited  in  the  shape  of  mud  at  tb» 
bottom  of  the  sea.  Gradually  this  mud  was  hardened  inl 
eoUd  rock.  Tho  latter,  by  alternate  upheaval  and  depi'es- 
ston  of  the  suiface  of  the  earth,  was  lifted  above  the 
and  assumed  the  form  of  mountains.  Four  or  five 
periods  in  the  earth's  organic  history,  answei 
larger  and  smaller  groups  of  these  sedimentary 
are  usually  distinguished.  These  main  periods 
divided  into  numerous  subordinate  or  lesser  periods, 
twelve  to  fifteen  of  the  latter  are  usually  assumed.  (< 
Tables  XII  and  XIII.,  pp.    11,  12.)     The  relative  thick- 
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oess  of  the  vaiious  groups  of  strata  afTonls  the  means  of 
approximately  esticiatiug  the  relative  length  of  these  various 
divUioDB  of  time.  Of  course  we  cannot  say,  "  In  a  hun- 
dred years  on  the  average  a  stratum  of  a  certain  thick- 
(say  two  inclies)  ia  deposited,  and  therefore  a  roek- 
Btratam  of  a  thousand  feet  in  thickness  is  600,000 
years  old."  For  ditFereat  rock-formations  of  equal  thick- 
ocas  may  have  occupied  periods  of  very  various  length 
in  their  deposition  and  consolidation.  From  the  thickness 
of  the  formation  we  may,  ho^rever,  approximately  judge  of 
the  rdcUive  length  of  the  period  during  which  it  was 
formed. 

Of  the  four  or  five  main  periods  of  the  earth's  organic 
listory,  our  acquaintance  with  which  is  indispensable  for 
Phylogeny  of  tlie  human  race,  the  first  and  oldest  is 
lown  as  the  Primordial,  Ai-chizoic,  or  Archilithic  Epoch, 
If  we  estimate  the  total  thickness  of  all  the  sedimentary 
strata  as  averaging  about  130,000  feet,  then  70,000  feet  belong 
to  tliis  firiit  epoch — more  than  one  half.  From  this  and  other 
circumstances  we  may  conclude  tliat  the  corresponding 
Primordial  or  Archilithic  Epoch  must  alone  have  been  con- 
iilunbly  longer  than  the  whole  long  j>eriod  between  tlie 
loMi  of  the  Archilithic  and  the  present  time.  Probably  the 
'riinonltal  Epoch  was  much  longer  than  might  appear  from 
tie  ratio  of  7 ;  6,  which  we  have  given.  This  Epoch  ia  divided 
tnU)  three  sub-periods,  known  as  the  Laurcntian,  Cambrian, 
«ad  Silurian,  corresponding  to  the  threo  principal  groups  of 
■edimeotary  rock-strata  whicli  constitute  the  Archilithic 
rocks.  The  enormous  length  of  time  required  for  the  fomia' 
tioD  at  the  bottom  of  the  primordial  sea  of  those  gigantic 
Hrata.  of  over  70,000  feet  in  thickness,  must,  at  all  events, 
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have  been  m&Dy  millions  of  jeara.  During  that  time  there 
came  into  exbtcnce  by  spontaneous  generation  the  oldest 
and  simplest  organisms— those  in  which  life  began  upon  our 
planet — viz.,  the  Monera.  From  these,  one-celled  plants  and 
animals  first  developed— the  Amtebaj  and  many  kinds  of 
Protista.  During  this  same  Archilithic  Epoch,  also,  all  tht) 
invertebrate  ancestors  of  the  human  race  developed  from 
these  one-celled  organisms.  We  draw  this  conclusion  frotn 
the  fact  that  towards  the  close  of  the  Silurian  period 
a  few  remains  of  fossil  Fishes  are  already  to  be  found. 
Selachians  and  Ganoids.  These  are,  however,  much  more 
highly  organized  and  of  later  origin  than  the  lowest 
Vertebrates  (the  Amphioxu.'?),  or  than  the  various  skuU-Iess 
Vertebrates  allied  to  Amphioxua,  which  must  have  lived 
during  this  tima  The  latter  must  necessarily  have  been 
preceded  by  all  the  invertebrate  ancestors  of  man.  Heuoe 
we  may  characterize  this  entire  epoch  as  the  "age  of  man's 
invertebrate  ancestors;"  or,  with  special  reference  to  the 
oldest  representatives  of  the  Vertebrate  tribe,  as  the  "age 
of  Skull-less  Animals."  During  the  whole  Archilithic  Epoch 
the  inhabitants  of  our  planet  consisted  exclusively  of 
aquatic  forms ;  at  least,  no  remains  of  terre.strial  animals 
or  plants  dating  from  this  period  have  as  yet  been  found. 
A  few  remains  of  land-dwelling  organisms  which  are  some- 
times  referred  to  the  Silurian  Period,  are  Devoniaa 

The  Primordial  Epoch  was  followed  by  the  PalieoIithi(^ 
PaliEOzoic,  or  Primary  Epoch,  which  is  also  separable  into 
three  sub-periods :  the  Devonian,  the  Carboniferous,  and  the 
Permian.  During  the  Devonian  Period  the  Old  Red  Sand- 
stone, or  Devonian  system  was  formed ;  during  tlie  Cai^ 
boniferous,  those  great  beds  of  coal  were  deposited  which' 
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io  Sqjtbj  of  the  FalsoDtologioal  Periods,  or  the  Greater  Diviidoas 
in  the  HiBtorj  of  the  Organic  Earth. 

L  First  Epoch :  The  Arehilithie,  or  Primordial  EpoeK 
(Age  of  Sknll-less  Animals  and  Seaweed  Forests.) 

1.  The  Older  Arehilithie  Epoch  or  Laorentian  Period 

2.  The  Middle  Arehilithie  Epoch  ^  Cambrian  Period. 
8.  The  Later  Arehilithie  Epoch                 «                SUorian  Period. 

IL  Second  Epoch :  The  PalflDOlithie,  or  Primary  EpocK 
(Age  of  Fishes  and  Fern  Forests.) 

4.  The  Older  Falseolithic  Epoch  or  Devonian  Period. 

5.  The  Middle  PalsDolithic  Epoch  „  Coal  Period. 

6.  The  Later  PalsDolithic  Epoch  ^  Permian  Period. 

m.  Third  Epoch :  The  Kesolithic,  or  Secondary  EpoeK 
(Age  of  Reptiles  and  Pine  Forests,  Conifens.) 

7.  The  Older  Mesolithic  Epoch  or  Triassic  Period. 

8.  The  Middle  Mesolithic  Epoch  «  Jurassic  Period. 

9.  The  Later  Mesolithic  Epoch  «  Chalk  Period. 

IV.  Fowrih  Epoch :  The  CsnoUthie,  or  Tertiary  EpocK 
(Age  of  Mammals  and  Leaf  Forests.) 

10.  The  Older  Csnolithio  Epoch  or  Eocene  Period. 

11.  The  Middle  Csenolithic  Epoch  „  Miocene  Period. 

12.  The  Later  Cenolithio  Epoch  „  Pliocene  Period. 

T.  FV^h  Epoch :  The  Anthropolithie,  or  Quaternary  EpocK 
(Age  of  Man  and  Caltivated  Forests.) 

13.  The  Older  Anthropolithic  Epoch  or  Ice  Age,  Glacial  Period, 
li.  The  Middle  Anthropolithic  Epoch        „  Post  Glacial  Period. 
V&.  The  Later  Anthropolithic  Epoch           „  Period  of  Cultore. 

(Tha  Period  of  Culture  ia  the  Historic  Period,  or  Period  of  Tradition.) 
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Sjftemaiio  Sorrej  of  the  PalaBoutoIogical  Formatiooa,  or  the  Foasilifevoiii 

Strata  of  the  Earth's  Croat. 


Boek'Qroujp9. 


y.  Quaternary  ( 

Oroupt       i     XIV.  Recent    C  36.  Present 
or  )        (AIIaTiam)      (   35.  Beeent 

Antbxopolithic  ]  XIII.  Pleistocene  ?   34.  Pott  gladol 
(Anthropozoic)  I       (DaaTiom)      \  33.  Olaeitl 
groops  of  strata  \ 


IV.  Tertiary 

Group, 

or 

CsBDoIithic 

(Caraozoic) 

groups  of  strata 


XII.  Pliocene    C  32.  Arvemiaa 

(New  tertiary)    (  31.  Snb-Appeniiia 

XL  Miocene     (  30.  Falitnian 

(Middle  tertiary)  (  29.  Limlmrgiaii 

(Old  tertiary)  ^;  SSS* 


fix,  Cretoceons. 


III.  Secondckry 

Qroup, 

or 

Mesolithio 

(Mosozoic) 

groups  of  strata! 


\ 


VIII.  Jura 


VIL  Trias 


XL  Primary 

Group, 

or 

Palspoli  .hie 

( PalsBOZoic) 

grcwpfl  of  fitnita{ 


VI.  Penn?an 

(New  red  sujid- 

stooe) 

V.  Carboniferous 
(Coal) 

IV.  Devon'*an 
\  (Old    red    saud- 
stone) 


L  Primordial 

Group, 

or 

Archil  ithic 

(Ai'cliizuic)      I  ^ 

groups  of  strata  \     I.  Laureutian  \ 


IIL  Silurian 
II.  Cambrian    } 


25.  White  ehalk 
24.  Greenland 
23.  Heooomian 
22.  Wealden 
21.  Portlandian 
20.  Ozfordian 
19.  Bath 
18.  Lias 
17.  Keuper 
16.  Ifnscbelkalk 
15.  Banter  sand 

14  Kovntain 
limestone 
{Zech  stein) 
13.  Eed  sandstone 
12.  Carboniferons 

sandstone 
11.  Carboniferons 

limestone 
10.  PUton 
9.  Ilfraeombe 
8.  Linton 

7.  Lndlow 
6.  Woalock 
5.  Llanddlo 
4.  Potsdam 
3.  Longmynd 
2.  Labrador 
1.  OtUwa 


Synonymg  of 
Format  iomM. 


Upper  allnTial 
Lower  allurial 
Upper  dilnriai 
Lower  dilnrial 


Upper  pliocene 
Lower  pliocene 
Upper  miooene 
Lower  miocene 
Upper  eocene 
Middle  eocene 
Lower  eocene 

Upper  cretaceous 
Middle  oretaceoas 
Lower  cretaceoos 
The  Kentish  Weald 
Upper  oolite 
Middle  ool'te 
Lower  oolite 
Lias  formation 
Upper  trias 
Middle  trial 
Lower  trial 

Upper  Permian 


Lower  Permiaa 
Upper  carbonifer- 
ous 
Lower  oarbonlf er« 

ous 
Upper  Deronian 
Middle  Devonao 
Lower  DeTonian 

Upper  Silurian 
Middle  Silurian 
Lower  Silurian 
Upper  Cambrian 
Lower  Cambrian 
Upper  Lanrentian 
Lower  Lanrentian 
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supply  us  with  our  principal  fuel;  in  the  Permian,  the 
New  Bed  Soudstoiie,  the  Magnesian  LimestoDC  (Zcclistein). 
and  the  Cupriferous  Slate  were  formed.  The  approxi- 
mate thickness  of  this  entire  gioup  of  strata  is  esti- 
mated at  42,000  feet  at  most ;  some  geologists  make  it 
eomewhat  more,  others  considerably  less.  In  any  case, 
this  Pabeolithic  Epoch,  taken  as  a  whole,  is  consider- 
ably shorter  than  the  Archilithic,  but  yet  is  considerably 
lonyer  than  all  the  following  Epochs  taken  together.  The 
strata  deposited  during  this  Pi'imary  Epoch  supply  fossil 
antTwal  remains  in  great  abundance ;  besides  numerous 
^lecjes  of  Invertebratea  we  find  also  very  many  Verte- 
brates— Fishes  preponderating.  As  early  as  the  Devonian, 
and  even  during  the  Carboniferous  and  the  Permian 
Periods,  there  existed  so  great  a  number  of  Fishes,  espe- 
cially Primitive  Fishes  (Sharks)  and  Ganoids,  that  we  may 
dvifignate  the  entire  Pala?olithic  Period  aa  the  Age  of  Fishes. 
The  Fabeozoic  Ganoids  especially  arc  represented  by  a 
laige  number  of  forma. 

But  even  during  thia  period  some  Fishes  begun  to 
accustom  themselves  to  living  upon  the  land,  and  thus  gave 
rise  to  Uie  Amphibian  class.  Even  in  tlie  carboniferous 
system  we  find  fossil  remains  of  Amphibia — the  earliest 
terrestrial  and  air-breathing  animals.  In  the  Penniao 
Period  the  variety  of  these  Amphibia  becomes  gieater.  To- 
wards it«  close  the  first  Amnion-animals,  the  tribal  ancestor? 
of  tbo  tme  higher  Vertebrate  classes,  seem  first  to  appear. 
These  are  a  few  Hzard-Hko  animals,  of  which  tlie  Protcro- 
BUirua  from  the  Cupriferous  Slate  at  Eisenacli  is  the  best 
knovn.  The  appearance  of  the  most  ancient  Amnion 
Animals  (AmniUa),  to  which  the  common  parent^form  of 
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Keptiles,  Biiiis,  and  Mammals  must  have  belonged,  e 
in  fact  to  be  referred  by  these  oldest  reptilian  remains  back 
to  the  close  of  tlie  Palaeolithic  Epoch.  During  this  Epoch 
the  aneeatora  of  the  human  race  must  accordingly  hava 
been  represented,  first  by  true  Fiahea,  then  by  Miid-Fishfli 
(Dipneusta)  and  Amphibia,  and  finally  by  the  oldest 
Amnion  Animals,  the  Frotamnia. 

After  the  Paheohthic  Epoch  comes  a  third  main  division 
of  the  earth's  organic  history,  known  as  the  Mesolithic,  < 
Secondary  Epoch.  This  is  again  distinguished  into  thre4 
subdivisions — the  Triassic,  the  Jurassic,  and  the  Cretaceous 
Periods.  The  approximate  thickness  of  the  strata-groupa^ 
formed  during  these  three  Periods  from  the  beginning  c 
the  Triassic  down  to  the  end  of  the  Cretaceous  Perioi^ 
amounts  in  all  to  about  15,0U0  feet,  not  one  half  the  thick- 
ness of  the  Palaeolithic  deposits.  During  this  Epoch  a  veiy 
great  and  varied  development  took  place  in  all  divbions  0 
the  ejiimal  kingdom.  In  the  vertebrate  tribe  especially  ft 
number  of  new  and  interesting  forms  developed.  Among 
Fishes  the  Osseous  Fishes  (Teleostei)  now  first  appear.  But 
the  Reptiles  surpass  all  others  both  in  numbers  and  ini 
diversity  of  species — the  most  remarkable  and  the  most 
familiar  forms  being  the  gigantic  extinct  Dragons  (Dino^ 
saurians),  the  Sea-Dragons  (Halisaurlan-s),  and  the  Flying 
XJEards(Pter03aurians).  In  reference  to  this  predominance  of 
the  reptilian  class  this  time  is  known  as  the  age  of  reptilet^ 
But  the  class  of  Birds  also  developed  during  this  period, 
undoubtedly  originated  &om  a  branch  of  the  lizard-likfl 
Reptilea  ITiis  is  shown  by  the  similar  embryology  of  Birds 
and  of  Reptiles,  by  their  Comparative  Anatomy,  and  also  bj 
the  fact  that  we  know  of  fossil  birds  with  toothed  jawft 
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mod  with  lizard'e  tail,  belonging  to  tLia  period  (Odon- 
tomis  Ar^t^opUryx).  Finally,  it  was  during  this  period 
Uuit  there  appeared  upon  the  scene  that  most  perfect  and, 
for  us,  most  important  vertehrate  class,  the  mammalian 
claaa.  Tbe  oldest  fossil  remains  of  these  have  been  found 
in  tha  most  recent  Triassic  strata,  viz.,  molar  teeth  of 
ft  sauJl  insectivorous  Pouched  Animal  (Marsiipial).  Numer- 
ous remains  occur  somewhat  later  in  the  Jura  system,  and 
a  few  in  the  clialk.  All  the  remains  of  Mammals  from  tins' 
Mesolithic  Eiwch  with  which  we  are  acquainted  belong  to- 
the  low  Pouched  Animal  division ;  and  among  these  were 
nniloubtedly  the  ancestors  of  Man.  On  tlie  other  hand, 
not  a  sbgle  undisputed  relic  has  yet  been  discoveiud 
throughoat  all  this  period  of  one  of  the  higher  Mammak 
(Plaantatlii).  Thislast  division,  of  which  Man  is  a  member, 
dill  not  dov(tlop  till  later,  in  the  immediately  subsequent 
Tertiary  Kpoch.  " 

The  fourth  main  division  of  the  history  of  the  organic 
earili,  the  Tertiary,  Cienozoic,  or  Ctenolithic  Epoch,  was  of 
much  shorter  duration  than  the  preceding.  For  the  strata 
deposited  during  this  period  are  in  all  only  about  8000  feet 
in  thickness.  This  Epoch,  also,  is  divided  into  three  sub- 
livisions,  known  as  the  Eocene,  Miocene,  and  Pliocene 
Pvrioda.  I>uring  these  periods  the  most  diverse  develop- 
tacnt  of  tbe  higher  classes  of  plants  and  animals  took  place 
«n>]  the  fauna  and  fiora  of  our  globe  now  ap|iroacheil 
nearer  and  nearer  to  their  present  character.  The  mcbt 
hi-jhly  developed  class  of  animals,  that  of  Mammals,  now 
ftUained  pre-eminence.  This  Tertiary  Epoch  may,  therefore, 
kxj  called  the  aj/e  0/  Mammals.  The  moat  perfect  section 
this  claaa,  the  Placental  Animals,  among  which  is  Man, 
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now  first  appeared.  The  first  appearance  of  Man — or  I 
epcak  more  coiTecily^ — the  development  of  man  from  tin 
most  nearly  allied  ape-forin,  dates  probably  eitlier  from  Um 
Miocene  or  tlie  Pliocene  Period, — from  the  middle  or  tli^ 
latest  section  of  the  Tertiary  Epoch.  Perhaps,  as  ia  awumd 
by  othera,  Man  strictly  so-called,  ic,  Man  gifted  witi 
language,  first  developed  from  the  spccclilesa  man-liko  Apo^ 
in  the  subsequent  Aathropolithic  Age. 

At  all  events,  the  perfect  development  and  distribution 
of  the  ^-arious  races  of  Man  dates  from  the  fifth  and  last 
main  division  of  the  organic  history  of  the  earth,  and  hence 
this  Epoch  has  been  called  the  Anthropolithic,  or  Anthro- 
pozoic,  and  also  the  Quaternary  Epoch,  It  is  true  that,  in 
the  present  imperfect  state  of  our  palreontologlcal  and 
prehistoric  knowledge,  we  cinnot  solve  the  problem  as  to 
whether  the  development  of  Man  from  the  nearest  allied 
Ape-furnss  took  place  in  the  beginning  of  this  Anthropolithio 
Kpoch,  or  as  early  as  the  middle  or  towanls  the  close  of  the 
preceding  Tertiary  Epoch.  This  much,  however,  b  certain^, 
tJiat  the  true  development  of  human  culture  dates  only, 
from  the  Anthropolitliio  Epoch,  and  that  this  latter  con- 
stitutes only  an  insiguiQcantly  small  section  of  tho  entire 
enormous  period  of  time  occupied  in  the  development  of 
the  organic  earth.  When  we  reflect  upon  this,  it  appeaii* 
absurd  to  speak  of  the  brief  span  of  man's  period  of  cul- 
ture as  "the  world's  history,"  This  so-called  History  of 
the  World  does  not  amount  approximately  to  even  one- 
half  per  cent,  of  the  length  of  tliose  enormous  periods 
which  have  passed  away  from  the  beginning  of  tho  earth's 
organic  history  down  to  the  present  time.     For  this  World's 
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Hislory,  or  more  correctly.  History  of  People,  ia  itself 
only  the  Utter  half  of  the  Anthropolithic  Epoch,  while 
fven  the  first  half  of  this  Epoch  must  be  reckoned  a^  a 
imsii'^toric  period.  Hence  this  last  main  period,  i-caching 
from  the  close  of  the  Cienolithic  Epocli  to  the  present  time, 
can  only  be  called  the  "  age  of  man,"  inasmuch  as  the 
diffuaoD  and  differentiation  of  the  different  epeciea  an<l 
racoB  erf  man,  which  have  so  powerfully  influenced  all  the 
rest  of  the  organic  population  of  the  globe,  took  place 
during  its  course. 

Since  the  awakening  of  the  human  consciousnesa, 
human  vanity  and  human  arrogance  have  delighted  in 
r^arding  Man  as  the  real  main-purpose  and  end  of  all 
earthly  life,  and  as  the  centre  of  terrestrial  Nature,  for  whose 
use  and  service  all  the  activities  of  the  rest  of  creation  were 
fn>iB  thu  first  defined  or  predestined  by  a  "wise  providence." 
How  utterly  baseless  the.se  presumptuous  anthropocentrio 
conceptions  are,  nothing  could  evince  more  strikingly  than 
a  comparison  of  the  durati'm  of  the  Anthropozoic  or  Quater- 
nary EjKJch  with  that  of  the  preceding  Epochs.  For  even 
though  the  Anthropolilhic  Epoch  may  embrace  several  hun- 
dreds of  thousands  of  years,  how  small  is  this  time  when 
compared  with  the  mdliona  of  years  that  have  elapsed  since 
the  beginning  of  the  world's  organic  history  down  to  the 
first  appearance  of  the  human  race  I 

If  the  entire  duration  of  Ihe  organic  history  of  the  oarth, 
from  th«  generation  of  tlie  fii'st  Monera  down  to  the  present 
day,  i»  divided  into  a  hundred  e<pial  parts,  and  if  then, 
Corrarponding  with  the  relative  average  thickness  of  the 
iuUin'cuing   strata-syiitenis,  the  rospeciivo  porci'magea  are 
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assigned  to  the  relative  durations  of  the  five  main  division! 
or  Epochs,  the  latter  will  be  found  to  be  about  as  foUon-s : — 

I.  Arehilithio,  or  aithiioio  (priniordiol)  Epoch        .        .    . 

IL  Falosolithio,  or  pnloeoioia  (primnrr)  Epoch  .        .    '< 

HI.  Maiolith[o,  or  mesoioic  (aewmdor/)  Epoch 

IT.  CiSDotithio,  or  oenoEoIo  (tertiur;)  Epoch      . 

T.  Anthrapolitliia,  oc  uitLropoiuio  (quatcruar;)  EpiKsh  . 

Total     ...     1< 

The  relative  durations  of  the  five  main  epochs  of  the 
earth's  organic  history,  are  yet  more  clearly  seen  in  the 
opposite  Table  (XIV.).  in  which  the  relative  thicknesses  of 
the  Btrata  systems  deposited  within  these  Epochs  is  repro- 
Bented  on  a  scale  corresponding  to  their  actual  deptlia 

This  table  shows  that  the  period  of  the  so-called  History 
of  the  World  forms  but  an  inconsiderable  span  in  comparison 
with  the  immeasurable  duration  of  those  earlier  epochs  during 
which  Man  did  not  exist  upon  this  planet.  Even  the  great 
Cienozoic  Epoch,  the  so-called  Tertiary  Epoch,  during  which 
the  Placental  Animab,  the  higher  Mammals,  developed,. 
includes  but  httle  more  than  two  per  cent,  of  the  whol« 
enormous  duration  of  the  organic  history  of  the  world,' 

And  now  before  we  turn  to  our  proper  phylogenetio' 
task;  before,  guided  by  our  kaowlcdge  of  ontogenetic  facta 
and  by  the  fundamental  law  of  Biogeny,  we  attempt  (a 
tiRce  step  by  step  the  history  of  the  paln^ontological  evo- 
lution of  our  animal  ancestors,  let  us  turn  aside  for  a  short 
time  into  another  and  apparently  very  different  and  very 
remote  department  of  science,  a  general  review  of  vhidi 
will  make  the  solution  of  the  ditScuIt  problems  whidl 
Dow  rise  before  us  very  much  easier.     The  science  is 
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^^SSSnintia  Sarrey  of  the  Nepltiniiin  fassilireroDs  strata  of  the  nrlh  with                  1 
reference  to  their  relulire  Bcclionnl  thiclmesB  (130,000  feel  circa).                               1 

IV.     CcDDolithic  Strata, 
circB  3000  feet. 

Pliocene,  Miocpno,  Eooens. 

III.    MsMlilhio  Slrato. 

Eooonilar]'  Epoch,  circa 
I6,C03  feet. 

IS.    Chalk  Sj-Btem. 

Ylir.     Jorassit  Systein. 

VII.     Triniaic  Bj»tem 

1                 IL     PulieolilkicS.rata. 
1                       Deposits  of  ths 
r                  Prinmrj  Epoch,  circ» 
42,000  fc=t. 

VI.     Fermian  Syatem. 

T.    Coal  Sjatem. 

IV.     DeTOniiui  SjBleni. 

I.    Arehilitiao  Strata. 
Depoiita  of  the 

Prunoraiftl  Epoch,  o[^L^c, 
1                           70,000  f  Mtk 

UI.     Bilonaa  Sjstem,  ciroi 
22,000  feet 

11.     CuaibriBn  SyBtem,  eirc* 
18,000  f«Bt. 

I.    Lanrentuui  Sjilem,  oiio» 
80,000  teet. 
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of  Comparative  Plillology.  Ever  since  Darwin,  by  the  tlieory 
of  Natural  Selection,  tiifu^  J  new  life  into  Biology,  and  raiaed 
the  fundamental  question  of  development  in  every  branch 
of  science,  attention  has  frequently  and  from  very  different 
quarters  been  called  to  the  remarkable  parallelism,  which 
exists  between  the  evolution  of  the  varioua  human  languages 
and  the  evolution  of  organic  speciea  The  comparison  i« 
quite  justifiable  and  very  instructive.  Indeed  it  is  hardly 
possible  to  find  an  analogy  better  adapted  to  throw  a  clear 
light  on  many  obscure  and  difficult  facts  in  the  evolution  of 
Rpecies,  which  is  governed  and  directed  by  the  same  natural 
laws  which  guide  the  course  of  the  evolution  of  language. 

All  philologists  who  have  made  any  progress  in  their 
science,  now  unanimously  agree  that  all  human  langiiagefl- 
have  developed  slowly  and  by  de^^'rcea  from  the  simplest 
rudiments.  On  the  other  hand,  the  strange  proposition 
which  till  thirty  years  ago  was  defended  by  eminent  au- 
thorities, that  language  is  a  divine  gift,  is  now  universally^ 
rejected,  or  at  beat  defended  only  by  theologians  and  by 
people  wLc  have  no  conception  of  natural  evolution.  Sucb 
brilliant  results  have  been  attained  in  Comparative  Philology 
that  only  one  who  is  wilfully  blind  can  fail  to  recognize  tliQ 
natural  evolution  of  languaga  The  latter  is  necessarily 
evident  to  the  student  of  nature.  For  speech  is  a  physia* 
logical  function  of  the  human  oi^anism,  devcl.>ping  aimul* 
taneously  with  its  special  organs,  the  larjTix  and  the  tonguo^ 
and  simultaneously  with  the  functions  of  the  brain.  It  ii, 
therefore,  quite  natural  that  in  the  history  of  the  evolution 
of  languages,  and  in  their  whole  system,  we  should  find  thi 
same  correlations  as  in  the  history  of  the  evolution  < 
orffanic  species  and  in  their  whole  system.    The  viuioill 
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larger  and  smaller  groups  of  speech-forms,  which  are  distm- 
^tshed  in  Comparative  Philology  as  primitive  languages, 
rundamcntal  languages,  parent  languages,  derived  languages, 
diilccls,  patois,  etc,  correspond  perfectly  in  their  mode  of 
development  with  the  various  larger  and  smaller  groups  of 
orguuEDis  classed  in  systems  of  Zoology  and  Botany  as 
tribes,  classes,  orders,  families,  genera,  species,  and  varie- 
ties of  the  animal  and  vegetable  kingdoms.  The  relations 
between  these  various  systematic  groups,  or  categories,  are 
in  both  cases  identical ;  moreover,  evolution  follows  the 
wttne  course  in  one  ease  as  in  the  other.  This  instructive 
cutttpU'titon  was  first  elaborated  by  one  of  the  most  eminent 
of  Gernun  philologists,  one  who,  unfortunately,  died  pre- 
maturely— August  Schleicher,  not  only  a  philologist  but  also 
A  .'earned  botanist.  In  his  more  important  works,  the  Com- 
parative Anatomy  and  evolutionary  histOTy  of  languages  is 
treat4.>d  by  the  same  phylogenctic  method  which  we  employ 
in  till  Comparative  Anatomy  and  evolutionary  history  of 
animal  forms.  He  has  especially  ap]jlied  this  method  to 
the  lado-Germanic  family  of  languages ;  and  in  his  little 
treatise  on  '  The  Darwinian  Theory  and  the  Science  of 
Iiaogoage "  ("  Die  Darwin'sehe  Theorie  und  die  Sprach- 
wUaensebafl  "),  he  illustrated  it  by  means  of  a  synoptical 
pedigree  of  the  Indo-Gcmianic  family  of  languages."* 

If  the  fommtion  of  the  various  branch  languages  wliich 
)iftTe  dovel'iped  from  the  common  root  of  the  primitive 
iado-Gennanic  tongue  is  studied  with  the  aid  of  this  pedi- 
gree, a  very  clear  idea  of  their  Phylogeny  will  bo  acipiirLHl. 
At  the  name  time  it  becomes  evident  liow  entirely  analngnua 
ifl  tho  CTolution  of  the  greater  and  lesser  gioups  of  the 
Vertebratee,  wbicli  have  sprung  from  the  one  common  root- 


m^ 


22  THE   ETOLDTION  OF  MAN. 

form  of  tbe  primitive  Vertebrates.  The  primitive  lnd>- 
Germanic  root-tongue  first  separated  into  two  chief  stems 
the  Slavo- Germanic  and  the  Ario-Romanic  main-tninka. 
The  Slavo-Germanic  then  branched  into  a  primitive  German 
and  a  primitive  Slavo-Lettio  tongue.  Similarly,  tlie  Ario- 
Romanic  split  up  into  a  primitive  Arian  and  a  primitive 
Gneco-Roraanic  language  (p.  23).  If  we  continue  our- 
e."camination  of  this  pedigree  of  the  four  primitive  Indo- 
Gcrmanic  langunges,  we  find  that  the  primitive  Germanic 
tongue  divided  into  throe  chief  branches — a  Scandinavian, 
a  Gothic,  and  a  Teutonic  branch.  From  the  Teutonic  branch 
proceeded,  on  the  one  hand,  High  German,  and,  on  the 
other  hand.  Low  German,  to  which  latter  belong  the  vatioua 
Friesiiin,  Sason,  and  Low  German  dialects.  Similarly,  tlie 
Slavo-Lettic  tongue  developed  first  into  a  Baltic  and  a 
Slavonic  language.  From  the  Baltic  spring  the  Lettic, 
Lithuanian,  and  Old  Prussian  dialects.  The  Slavic,  on  the 
other  hand,  give  rise,  in  the  South-east,  to  the  Russian  and 
the  South  Slavic  dialects,  and,  in  the  West,  to  the  Polish 
and  Czech  dialects. 

Turning  now  to  the  other  main  stem  of  the  Iiido- 
Germanic  languages  and  its  branches — the  primitive  Ario- 
IU)manic — it  is  found  to  develop  with  the  same  luxuriance. 
The  primitive  Grjeco-Romanic  language  gave  rise,  on  the 
one  hand,  to  the  Thracian  language  (Albanian  Greek),  and 
on  the  other,  to  the  Italo-Keltic.  From  the  latter  in  turn 
sprung  two  divergent  branches — in  the  South,  the  Italian 
branch  (Romanic  and  Latin),  and  in  the  North,  the  Keltic, 
from  which  arose  all  the  different  British  (Old  British,  Old 
Scottish,  and  Irish^  and  Gallic  tongues,  The  numeroui 
Iranian  and  Indian  dialects  branched  out  in  tlie  same  wa/ 
from  the  primitive  Arian  language. 


(    ^3    ) 
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A  dose  study  of  this  pedigree  of  the  Indo-Gunnania 
languages  is,  in  many  respects,  of  great  interest.  Cum-, 
parative  Philology,  to  which  we  are  indehted  for  our  know- 
ledge of  this  subject,  thus  shows  itself  to  be  a  true  science — i 
a  natuiol  science.  It,  indeed,  long  ago  anticipated  in  its 
own  province  the  phylogenetic  method  with  the  aid  of 
which  we  now  attain  the  highest  results  in  Zoology  and 
and  in  Botany.  And  here  I  cannot  refrain  from  remarking 
how  much  to  the  advantage  of  our  general  culture  it  would 
be  if  the  study  of  languages  (which  is  undoubtedly  one  « 
the  most  powerful  means  of  culture)  were  comparativdi, 
prosecuted;  and  if  our  cut  and  dried  Philology  were  i 
placed  by  a  living,  many-sided,  comparative  study  of  Ian* 
guages.  The  latter  stands  in  the  same  relation  to  thft 
former  as  the  living  history  of  organic  evolution  does  to' 
the  lifeless  classification  of  species.  How  much  deeper 
would  the  interest  taken  in  the  study  of  language  by  the 
students  in  our  schools  be,  and  how  much  lOOi-e  vivid  wouU 
be  the  results  if  even  the  first  elements  of  Comparatiw 
Philology  were  taught  instead  of  the  distasteful  comp< 
Uon  of  Latin  exercises  in  Ciceronian  style  ! 

I  have  entered  with  this  detail  into  the  " ComparatiY 
Anatomy"  and  the  history  of  the  evolution  of  langua^ 
because  it  is  unsurpassed  as  a  means  of  illustrating  I 
Phylogeny  of  organic  species.     We  find  that  in  structufi 
and    in    development    these    primitive    languages,   pares 
languages,    derived    languages,    and    diak-cts,    corresp( 
exactly  like  the  classes,  orders,  genera,  and  species  of  t 
animal  kingdom.     The  "  natural  system  "  is  in  both  eai 
phylogenetio.    Just  as  Comparative  Anatomy,  Ontogeny,  ai 
Pulicootology  afford   certain    proof    that    all    Vertcbrat« 
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Irhether  ext'iDct  or  extant,  are  descended  from  a  common 
uicestra]  form,  so  does  the  comparative  study  of  the  dead 
id  Unog  laJo-Gerraanic  language  absolutely  i 
.  tliat  all  tbosQ  languages  have  sprung  from  a  c 
origin.  This  monopliylctic  view  is  imanimously  adopted  by 
•11  Uiiguidbs  of  importance  who  have  studied  the  question, 
And  wboare  capable  of  passing  a  critical  judgment  upon  it.'^ 
The  pciint,  however,  to  wluch  I  would  specially  call  your 
attention  in  this  comparison  between  tha  various  branches, 
.411  the  one  hand,  of  llie  iDdo-Geimauic  language,  and,  00  the 
other,  of  th«  vertebrate  tribe,  is  that  the  direct  descendants 
iuu«t  never  be  confounded  witli  the  collateral  lines,  nor  the 
extinct  with  the  extant  forms.  Tiiia  mistake  is  often 
made,  and  results  in  the  formation  of  erroneous  notions  of 
which  our  opponents  often  take  advantage  in  order  to 
o;i[ioae  the  whole  theory  of  descent.  When,  for  instance,  it 
laid  tliat  human  beings  are  descended  from  Apes,  Uie 
Utter  from  Semi-apes,  and  the  Semi-apos  from  Pouched 
Animala  (Maraupialia),  voiy  many  people  think  only  of  the 
foxniliar  living  species  of  these  different  mammahan  orders, 
KMch  aa  ore  to  be  found  stuffed  in  our  museums.  Now,  our 
opponents  attribute  this  erroneous  view  to  us,  and,  with 
wore  crall  than  judgment,  declare  the  thing  impossible;  or 
else  Uicy  ask  us  a.1  a  physiological  e\p,>riment  to  transform 
a  Kangaroo  into  a  Semi-ape,  this  into  a  (jorilla,  and  the 
Gorilla  into  a  Man.  Their  demand  is  as  childisli  as  the 
ouucejitiun  on  which  it  ia  founded  is  erroneous;  for  alt 
*tiiQBa  extant  furms  have  varied  more  or  less  frum  tlieir 
vumroon  parunt-form,  and  nunc  of  them  are  capable  of  pro- 
daciog  the  same  divergent  posterity  which  weie  really 
pnHltKed  IbouMuda  of  yours  a^'o  by  that  parcat-furm.*" 
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There  ia  no  doubt  that  Mod  ia  descended  from  an  extiitd 
mammaliaD  form,  wliich,  if  we  could  see  it,  we  shotUd 
ce]-taiiily  class  with  the  Apes.  It  is  equally  certaia  thai 
this  pnmitive  Ape  in  turn  descended  from  an  unknown 
Seioiapo,  and  the  latter  from  an  extinct  Pouched  AnimaL 
But  then  it  is  beyond  a  doubt  that  it  is  only  in  respect  o 
essential  internal  structure,  and  on  account  of  their  similan^, 
in  the  distinctive  anatomical  characters  of  the  order,  that  all' 
these  extinct  ancestral  forma  can  be  spoken  of  as  mcmberf 
of  the  yet  extant  mammalian  orders.  In  estemal  form,  iiV 
generic  and  spccitic  characters,  they  must  have  been  more  of 
less — perhaps  ev«n  greatly^-different  from  all  living  repre- 
sentatives of  the  orders  to  wliich  they  belonged.  For  'A 
must  be  acccjited  as  a  quite  universal  and  natural  fact  in 
phylogenetic  evolution  that  the  parent-forms  themselves 
with  their  specific  characters,  became  extinct  at  a  more  o 
leas  distant  period.  Those  extant  forms  which  come  nei 
to  them,  yet  ditl'er  Ixom  them  more  or  less,  perhaps  evei 
very  essentially.  Hence  in  our  phylogenetic  researchcfl 
and  in  our  comparative  view  of  the  still  living  divergeni 
descendants  all  we  can  undertake  to  do  is  to  determine 
how  far  the  latt«r  depart  from  the  parent-form.  We  may 
quite  confidently  assume  that  no  single  older  parent-foni 
lias  reproduced  itself  without  modification  down  to  our  timo; 

Wo  find  this  samo  state  of  things  on  comparing  various 
extinct  and  living  languages,  which  have  sprung  from  om 
common  primitive  tongue.  If,  from  thb  point  of  view,  1 
examine  the  genealogical  tree  of  the  Indo-Gennanifl 
languages,  we  may  conclude,  on  d  priori  grounds,  that  all 
the  earlier  primitive  languages,  fundamental  languages,  and 
aacestral   languages,  from  which  the  living  dialects  i 
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in  the  first  or  second  degree,  have  been  extinct 
for  a  longer  or  shorter  period.  And  tli'is  is  the  case.  Tlie 
Ario-Romanic  and  the  Sclavo-Gcrmanic  tongues  have  long 
been  altogether  extinct,  as  are  also  the  primitive  Arian  and 
Gnwo-Romanic,  the  Sclavo-Lettic,  and  primitive  Germanic 
languages.  Some  even  of  the  languages  descended  fiom 
these  have  also  long  been  dead,  and  all  those  of  the  Indo- 
Genuanic  branch  which  are  yet  extant,  are  alcin  only  in 
•0  far  as  they  are  divergent  descendants  of  common  parent- 
fonns.  Some  have  diverged  from  this  ancestral  foim  more, 
others  leas. 

This  easily  demonstrable  fact  very  well  illustrates 
mnalogaus  facta  in  the  descent  of  vertebrate  species.  Pliy- 
logenctic  "Comparative  Philology,"  as  a  powciful  ally,  sup- 
ports phyiogenetic  "  Comparative  Zoology."  The  fonner  can, 
however,  adduce  far  more  direct  evidence  than  the  latter, 
because  the  paltEontological  materials  of  Pbilulugy,  the 
ancient  monuments  of  extinct  tongues,  have  been  far  better 
preserved  than  the  palieontological  materials  of  Comparative 
Zoology,  the  fossil  bones  of  vertebrates,  llie  more  these 
analogous  conditions  are  considered,  the  more  convincing 
b  their  force. 

We  ahaU  presently  find  that  we  can  trace  back  the 
genealogical  line  of  Man,  not  only  to  the  lower  Mammals, 
but  even  to  the  Amphibia,  to  the  shark -like  Primitive  Fishes, 
ard  even  far  below  these,  to  the  skulHeas  Vertebrates  allied 
to  the  Amphioxus.  It  must  he  remembered  this  docs  not 
mean  that  the  living  AmpIiio.^us,  Shark,  or  Amjihibian  accu- 
ntcly  represent  the  outward  appearance  of  the  parent-forms 
of  which  we  speak.  Still  less  does  it  mean  that  the 
Amphioxus,  or  the  Shark  of  our  day,  or  any  extant  species 
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of  Amphibian  is  an  actual  parent-form  of  the  htghei  Tw- 
tijbrates  and  of  Man.  On  the  contrary.  thU  important 
assertion  must  be  clearly  understood  to  mean,  that  the  living 
forms,  which  have  been  montioneil,  are  side  branches,  which 
are  much  more  nearly  allied,  and  similar  to  the  extinct 
common  parent-forms,  than  any  other  known  animal  forms. 
In  their  internal  characteristic  structure  they  remain 
similar  to  the  unknown  parent-forms,  that  we  slioulJ  daas 
them  both  in  one  order,  if  we  had  the  latter  before  oa  to 
a  living  state.  But  the  dircict  descendants  of  the  primitive 
forma  have  never  remained  unmodified.  Hence  it 
cjuite  impossible  that  among  the  living  species  of  animab 
we  should  find  the  actual  ancestors  of  the  human  race  in 
their  characteristic  specific  forms,  Tlie  es.'iential  and  charao- 
terbtic  features,  wliich  more  or  Ies3  closely  connect  Hvmg 
forma  with  tlie  extinct  common  parent-forms,  are  to  bft 
found  in  the  internal  structure  of  the  body,  not  in 
external  specific  form.  The  latter  has  been  much  raodifii 
by  adaptation.  The  former  has  been  more  or  less  retaiiu 
by  heredity. 

Comparative  Anatomy  and  Ontogeny  indisputably  proi 
that  Man  ia  a  true  Vertebrate,  so  that  the  special  geneali 
gical  line  of  Man  must  of  course  be  connected  with  that 
all  those  Vertebrates  which  are  descended  from  the  sail 
common  root  Moreover,  on  many  definite  grounds, 
plied  by  Comparative  Anatomy  and  Ontogeny,  wo  mi 
assume  only  one  common  origin  for  all  Vertebrates- 
a  monophyletic  descent.  Indeed,  if  the  theory  of  desci 
ia  coiTect,  all  Vertebrates,  Man  included,  ctta  only  hai 
descended  from  a  single  common  parent-form — from  a  sinj^ 
primitive  Vertebrate  species.  The  genealogical  line  of  t1 
Vertebrates,  therefore,  is  also  that  of  Man. 
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Onr  task  of  ascertaining  a  pedigree  of  Man  thus  widens 
into  tlie  more  consideraVile  task  of  constructing  the  pedigrue 
of  all  tb«  Vertebratea  This  is  connected,  as  we  learned  from 
tliu  Comparative  Anatomy  and  Ontogeny  of  the  Amphioxus 
and  of  the  Ascidian,  with  the  poJigice  of  the  Invertebrate 
animals,  and  directly  with  that  of  the  Worms,  while  no  con- 
nection can  be  shown  with  the  genealogy  of  the  indepen- 
dent iribcs  of  the  Articulated  Animals  (^Arthropoda),  Soft- 
bodicd  Animals  (Mollaaca),  and  Star -animals  {Echinodcrma). 
As  the  Ascidian  belongs  to  the  Mantled  Animals  (Tiinicata), 
and  as  tliis  class  can  only  he  referred  to  the  great  Worm 
tribe,  wo  must,  aided  by  Comparative  Anatomy  and  Onto- 
geny, further  trace  our  pedigree  down  through  various  stages 
to  the  lowest  forms  of  Worma  This  necessaiily  brings  us 
to  the  Oastnea,  that  most  important  animal  form  in  which 
we  riMOgnlzc  tlie  simplest  conceivable  prototype  of  an  animal 
with  two  germ -layers.  The  Gastnea  itself  must  have  ori- 
ginated from  among  those  lowest  of  all  simple  animal  forms, 
vrbicfa  arc  now  included  by  the  name  of  Primitive  Animals 
(Pro/ocoa).  Among  these  we  have  already  considered  that 
primilJvfi  form  which  possesses  most  interest  for  us — the 
ooe-cellcd  Amoeba,  tlie  peculiar  significance  of  which  depends 
oa  ila  resemblance  to  the  human  egg-celL  Here  we  have 
reached  Uie  lowest  of  those  impregnable  points,  at  which 
the  value  of  our  fundamental  law  of  Eiogeny  is  directly 
found,  and  at  which,  from  the  embryonic  evolutionary  stage, 
we  can  directly  infer  the  extinct  parent-form,  Theama?boid 
natnro  of  the  young  egg-cell,  and  the  one-celled  condition 
fo  which  each  Man  begins  his  existence  as  a  simple  parent- 
cell  or  cytuk-cell,  justify  us  in  affirming  that  tho  oldest 
lineestois  of  the  human  race  (as  of  the  whole  anioi&l 
i)  were  simple  amccboid  cells. 
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Here  arises  another  question :  "  Whence,  in  the  ban- 
ning of  the  organic  history  of  the  earth,  at  the  commence 
ment  of  the  I^iurentian  period,  came  the  earliest  Amiebie  I 
To  this  there  is  but  one  reply.  Like  all  one-celled  organ^ 
isms,  the  AmtEbse  have  originally  developed  only  from  thv 
simplest  ot^onisms  know  to  us,  the  Monera,  These  Monera^ 
which  we  have  already  described,  are  also  the  simplest  con- 
ceivable organisma  Their  body  has  no  definite  form,  and 
is  but  a  particle  of  primitive  slime  (plasson) — a  little 
of  living  albumen,  performing  ail  the  essential  functions  o£ 
life,  and  everywhere  met  with  as  the  material  basis  of  iif* 
Thb  brings  us  to  the  last,  or  perhaps  the  firet  question  iai 
the  history  of  evolution — the  question  as  to  the  origin  of 
the  Monera.  And  this  is  the  momentous  question  as  to  the 
prime  origin  of  life — the  question  of  spontaneous  generation. 
(generatio  spontanea  or  aquivoca). 

We  have  neither  time,  nor  indeed  have  we  any  occaaion;, 
to  discuss  at  length  the  weighty  question  of  spontaneous 
generation.  On  this  subject  I  must  refer  you  to  m] 
"  History  of  Creation,"  and,  especially,  to  the  second  boo! 
of  the  Genere'.le  Moi-pholojie,  and  to  the  discussion  on 
Monera  and  spontaneous  generation  in  my  "  Studieu  iiber 
Moneren  und  andere  Protista."  *^  I  have  there  8tat«d 
my  own  views  on  this  important  subject  in  very  great 
detail.  Here  I  will  only  say  a  few  words  on  tbo  ol^ 
scure  question  as  to  the  6rst  origin  of  life,  and  will  answer. 
it  Bo  far  as  it  concerns  our  radical  conception  of  tlia 
history  of  organic  evolution.  In  the  dcOnite,  limited 
sense  in  which  I  maintain  spontaneous  generation  {gen^ 
ratio  epontanea)  and  assume  it  as  a  necessary  hrpo- 
ttiesis  in  explanation  of  the  first  beginning  of  life  upoa 
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the  eart}],  it  merely  implies  the  origin  of  MoDcra  from 
inorganic  earboa  compounils.  When  animated  bodies  linit 
ftppeu^  on  our  planet,  previouisly  without  life,  there  must, 
in  the  first  place,  have  been  formed,  by  a  process  purely 
ehemiol,  from  purely  inorganie  carbon  combinations,  thai 
very  complex  nitrogenized  carbon  compound  which  we  call 
plaaBcm,  or  "primitive  slime,"  and  which  is  the  oldest  material 
substance  in  which  all  vital  activities  are  embodied.  In 
the  lowest  depths  of  the  sea  such  homogeneous  aniorphoua 
protoplasm  probably  still  lives,  in  its  simplest  character,  under 
the  name  of  Bathybius,"'  Each  individual  living  particle 
of  this  structureless  mass  is  called  a  Moneroa  The  oldest 
Vonvra  urtginat«d  in  the  sea  by  a]7ontaneouB  generation, 
j\ut  as  crystals  form  in  the  matiix.  This  assumption  is 
mjuircd  by  the  demand  of  the  human  understanding  for 
CRU.tality.  For  when,  on  the  one  hand,  we  reilect  tliat  the 
whole  inorganic  history  of  the  earth  proceeds  in  accordance 
with  mechanical  laws  and  without  any  intervention  by 
creAtivo  power,  and  when,  on  the  other  hand,  we  consider 
iliat  the  entire  organic  history  of  the  world  is  also  de- 
t*;nnincd  by  similar  mechanical  laws ;  when  we  see  that  no 
pcmataral  interference  by  a  creative  power  is  needed  for 
ihe  production  of  the  varioua  organisms,  then  it  is  certainly 
qaita  inconsistent  to  assume  such  supernatural  creative 
jnterfcrcnoe  for  the  first  production  of  life  upon  our  globe 
At  ail  events  we,  as  investigators  of  nature,  are  bound 
«ast  to  attempt  a  natural  explanation. 
At  present,  the  much  agitated  question  of  spontaneous 
generation  appears  very  intricate,  because  a  large  number 
of  Tery  diflerent,  and  in  part  quite  absurd,  o>ncr-ptions  are 
Indttdcd   under   the   term   "npontaneous  generation,"  and 
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because  some  have  supposed  tbat  the  problem  could  btl 
solved  by  means  of  the  crudest  experimenta.  The  doctr: 
of  spontaneous  generation  cannot  be  experimentally  refuted,; 
For  each  experiment  with  a  negative  result  merely  provHf) 
that  under  tlie  conditiuns  (always  very  artificial)  supplied  by 
us,  no  organism  has  been  produced  from  inorganic  corabina- 
tioiis.  Neither  can  the  theory  of  spontaneous  generation 
be  esperi  men  tally  proved  unless  great  diiHcidties  are  over* 
come ;  and  even  if  in  our  own  time  Monem  were  produced 
daily  by  spontaneous  generation— as  is  very  passible — yet 
the  absolute  empiric  proof  of  this  fact  would  be  extremclj 
difficult — indeed,  in  most  cases  impossible.  He,  howevi 
who  does  not  assume  a  spontaneous  generation  of  Klonen, 
in  the  sense  here  indicated,  to  explain  the  6rst  oiigin  of  life 
upon  our  earth,  has  no  other  resource  but  to  believe  in  a- 
supernatural  miracle ;  and  this,  in  fact,  is  the  questionabls 
standpoint  still  taken  by  many  so-called  "  exact  naturalista,' 
who  thus  renounce  their  own  reason. 

Sir  V'illiam  Thomson  has  indeed  tried  to  avoid  the 
necessary  h^'potliesis  of  spontaneous  generation  by  assuming 
that  the  organic  inhabitants  of  our  earth  originally  de- 
scended from  germs  which  proceeded  from  the  inhabitanta 
of  other  planets,  and  which,  with  fragments  of  the  latter, 
with  meti-oi-itos.  accidentally  fell  on  to  tlie  earth.  Thii 
hypothcMJji  has  met  with  much  applause,  and  was  evea 
<iu])j)ortcd  by  Hclmhollz.  Frioderieh  Zoellner,  an  acuta 
physicist,  has,  however,  refuted  it  in  his  excellent  natural' 
(ihilgsophieal  work  "  Ueber  die  Natur  dcr  Cometen,"  i 
critical  book  containing  most  valuable  contributions  to  tha 
history  and  theory  of  knowledge.""  Zoellner  has  plainly 
•howD  that  the  hypothesis  is  unscientific  in  two  respects— 
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firstly,  in  point  of  logic,  and  secondly,  in  its  scientific  tenor 
(p.  xxvi).  At  the  same  time  lie  rightly  shows  that  the 
hypothesis  of  spontaneous  generation,  in  the  sense  which 
we  have  defined,  is  the  "  condition  necessary  to  the  conceiv- 
ability  of  nature  in  accordance  with  the  laws  of  causality." 

In  conclusion,  I  repeat,  with  emphasis,  that  it  is  only  in 
the  case  of  Monera — of  structureless  organisms  without 
organs — that  we  can  assume  the  hypothesis  of  spontaneous 
generation.  Every  differentiated  organism,  every  organism 
composed  of  organs,  can  only  have  originated  from  an 
undifferentiated  lower  organism  by  differentiation  of  its 
parts,  and  consequently  by  Phylogeny.  Hence,  even  in  the 
production  of  the  simplest  cell  we  must  not  assume  the  pro- 
cess of  spontaneous  generation.  For  even  the  simplest  cell 
consists  of  at  least  two  distinct  constituent  parts;  the 
inner  and  firmer  kernel  (nucleus),  and  the  outer  and 
softer  cell-substance  or  protoplasm.  These  two  distinct 
parts  can  only  have  come  into  being  by  differentiation  of 
the  homogeneous  plasson  of  a  moneron  and  of  a  cytod.  It 
is  for  this  very  reason  that  the  natural  history  of  Monera  is 
of  the  highest  interest ;  for  it  alone  can  remove  the  principal 
diflSiculties  which  beset  the  question  of  spontaneous  genera- 
tion. The  extant  Monera  do  afford  us  organless  and  struc- 
tureless organisms,  such  as  must  have  originated  by  spon- 
taneous generation  at  the  first  beginning  of  organic  life 
upon  the  earth.^" 


CHAPTER  XVI. 
THE  ANCESTRY  OF  MAN. 

I.  Fbom  the  Moneba  to  the  Gastrjca. 

RcUvtion  of  tbe  (General  Indnotive  Law  of  the  Theoiy  of  Desoeni  in  ihe 
Special  Deductive  Laws  of  the  Hypotheses  of  Descent.— Inconipletenesfl 
of  the  Three  Great  Becords  of  Creation :  Palseontology,  Ontogeny,  and 
Compnratiye  Anatomy. — Unequal  Certainty  of  the  Various  Special 
Ilypotheses  of  Descent. — ^The  Ancestral  Line  of  Men  in  Twenty-two 
Stages :  Eight  Invertebrate  and  Foarteen  Yertebrato  Ancestors. — Distri- 
bution of  these  Twenty-two  Parent-forms  in  the  Five  Main  Divisioiia  of 
the  Organic  History  of  the  Earth. — First  Ancestral  Stage  :  Monenu^ 
1'he  Structureless  and  Homogeneous  Plasson  of  the  Moncra. — Differen- 
tiation of  the  Plasson  into  Nucleus,  and  the  Protoplasm  of  the  Gelli.— > 
Cytods  and  Cells  as  Two  Different  Plastid-forms. — Vital  FheBonieiia 
of  Monera. — Organisms  without  Organs. — Second  Ancestral  Stage : 
Amcebss. — One-celled  Primitive  Animals  of  the  Simplest  and  most  Uiu 
differentiated  Nature.— Thu  AnioBbftid  Rgg-cclla. — The  Egg  is  Older  Umui 
the  Uen. — Third  Ancestral  Stage:  Syn-Ainreba,  Outogehetioally repro- 
duced in  the  Morula. — A  Community  of  Homogeneous  Amceboid  Colls.— 
Fourth  Ancestral  Stnge:  Planoxi,  Ontogenetically  reproduced  in  the 
Blastola  or  Planuln. — Fifth  Ances'ral  Stng^:  Gnstrssa,  Outogonetically 
reproduced  in  the  Gastrula  and  the  Two-layered  Get-m.ditic.— Oriiri^  of 
the  Gastrsea  by  Inversion  (invaginatio)  of  the  Planea. — Halipb/eenm 
and  Gastrophy soma. — Extant  Gubtru»ads. 

"  Now,  rery  probably,  if  the  course  of  evolution  proves  to  be  to  wery 
simple,  it  will  be  thought  that  the  whole  matter  is  self-evident,  and  tliat 
research  is  hnrdly  I'eqnired  to  establish  it.  But  the  story  of  Colambaa  and 
the  egg  is  daily  repeated ;  and  it  is  necessary  to  perform  the  experiment 


INUUCTIVB  AND   DEUUCriVE  METHODS.  35 

lor  onu^B  tail.    How  elnnly  proffrciiB  id  mnilc  id  the  knowledge  eren  d{  self' 

—   ' " —  eajici-i.illf  when  reeppctalilo  aatburiCieB  disttgreB,  I  myBolf 

auffic^euUy."— KiKl.  Kk.sst  Baku  (ISliS). 

CiUtiED  by  the  fumlamental  law  of  Biogeny  and  by  the 
wire  i-ecords  of  creation,  we  nuw  tuin  to  the  intereatinj; 
huk  of  examining  the  animal  parunt-fonus  of  the  humaii 
tiux  in  tlieir  proper  soquence.  Tu  ensure  accuracy,  v/a 
uat  first  become  acquainted  with  the  various  mental 
operations  which  we  shall  apply  in  tliia  natural -philosophical 
n^searcli.  These  operations  aje  partly  of  an  inductive, 
partly  of  a  deductive  nature:  paitly  conclusions  from 
particular  experiences  to  a  general  law ;  partly 
coaclueions  Irom  this  general  law  back  tu  particular  ex- 
Iwriences. 

Tribal  history  as  a  whole  is  an  inductive  science ;  for 
B  theory  of  descent,  as  an  indispensable  and  most 
|mrt  of  the  whole  theory  of  evolution,  is  entirely 
on  inductions,  From  all  the  biological  incidents  in 
life,  in  animal  life,  and  in  human  life,  we  have  den  veil 
tbe  certain  inductive  conception  that  the  whole  of  the  or- 
ganic inliabitunts  of  our  globe  originated  in  accordance  with 
one  single  law  of  evolution.  To  this  law  of  evolution,  La- 
marck, Darwin,  and  their  successors  gave  definite  form  in 
tin  theory  of  descent.  All  the  interesting  phenomena  ex- 
liibttiMl  by  Ontogeny,  Palieontology,  Comparative  Anatomy, 
Dy»tfile«liii,'y,  Chorology,  the  OCkology  of  organisms,  all  the 
iiuporUtut  general  laws,  which  we  infer  from  muUitudinuns 
phi>notnvn*  of  these  dilfcrent  sciences,  and  which  are  most 
iiilimately  connected  together,  are  the  broad  inductive 
«lftt»  from  which  is  drawn  the  most  extensive  imluctivu 
Uw  of  Biologf.    Because  the  iimate  connection  between  all 
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these  infinitely  various  groups  of  phpnoineim  in  t1ii>se  i 
ferent  departments  becomes  explicable  and  comprelienslU 
solely  through  the  theory  of  descent,  therefore  tliis  theorj 
of  evolution  must  be  regarded  as  an  extensive  inductivi 
law.     If  we  now  really  apply  this  inductive  law,  and  wit 
its  help  seek  to  discover  the  descent  of  individual  organic 
Biieeioe,  we  must  necessarily  form  phylogenetic  hypothe 
which  are  of  an  essentially  deductive  nature,  and  which  a 
inferences  from  the  general  theory  of  descent  back  to  indtd 
vidual  particular  cases.     These  special  deductive  conclusioi 
are,  however,  in  accordance  with  the  inexorable  laws  at  n 
Logic,  as  justifiable,  as  necessary,  and  as  indispensable  in 
oiif  department  of   knowledge   as   the   general   inductive  ' 
conclusions   of  which   the   whole   theory   of   evolution  b  1 
formed.    The  doctrine  of  the  animal  parent-forms  of  man-  j 
kind  is  alo  a  special  deductive  law  of  this  kind,  which  i 
the  logical  conclusion  from  the  general  inductive  law  of  t 
theory  of  descent"* 

As  is  now  very  generally  acknowledged,  both  by  I 
adherents  of  and  the  opponents  of  the  theory  of  dea 
the  choice,  in  the  matter  of  the  origin  of  the  hi 
lies  between  two  radically  different  assumptions  :  We  mm 
either  accustom  ourselves  to  the  idea  that  all  the  vai'iotii 
apecies  of  animals  and  plants,  Man  also  included,  onS 
ginated  independently  of  each  other  by  the  supematun 
process  of  a  divine  "creation,"  which  as  such  is  entlreljl] 
removed  from  the  sphere  of  scientific  observation — or  i 
are  compelled  to  accept  the  theory  of  descent  in  its  entirety,! 
and  trace  the  human  race,  equally  with  the  various  anim 
and  plant  species,  from  an  entirely  simple  prJmEevai  pateniJ 
form.     Between  these  two  assumptions  there  is  oo  third 
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xnirae.  Either  a  blind  belief  in  creation,  or  a  BcieDtific 
theory  of  evolution.  By  assuming  tbe  latter,  and  this  is  tbe 
unly  possible  natural -scientific  conception  of  the  universe, 
we  are  enabled,  with  tbe  help  of  Comparative  Anatoray  and 
Ontogeny,  to  recognize  the  human  anecatral  line  witli  a 
certain  approximate  degree  of  certainty,  just  as  is  more  or 
less  the  case  with  respect  to  all  other  organisms.  Our 
previous  study  of  the  Comparative  Anatomy  and  Ontogeny 
of  Man,  and  of  other  Vertebrates,  has  made  it  quite  clear 
that  we  must  first  seek  the  pedigree  of  mankind  in  that  of 
the  vert«hrat«  tribe.  There  can  be  no  doubt  that  (if  the 
theory  of  di^scent  is  correct)  Man  has  developed  as  a  true 
Vertebrate,  and  that  be  originated  from  one  and  the  same 
common  parent-form  with  all  other  Vertebrates.  This 
special  deduction  must  bo  regarded  as  quite  certain,  correct- 
Dtiu  of  the  inductive  law  of  tlie  theory  of  de.wcnt  being  of 
course  first  granted.  No  single  adherent  of  the  latter  can 
raise  a  doubt  about  this  important  deductive  conclusion. 
We  can,  moreover,  name  a  series  of  different  forms  of  the 
vertubratc  tribe,  which  may  be  safely  regarded  aa  the  repre- 
sentativus  of  difrerent  successive  phylogenetio  stages  of 
evolatiun,  or  as  different  members  of  the  human  ancestral 
Una.  Wo  can  also  prove  with  equal  certainty  that  tbe 
vert«ibralo  tribe  as  a  whole  originated  from  a  group  of  low 
iavcrt«brat«  animal  forms;  and  among  these  we  can  again 
with  more  or  leas  certainty  recognize  a  series  of  members 
of  lh«  ancestral  chain. 

Wo  must,  however,  at  once  e-xpreasly  say  that  the  cer- 
tainty of  the  di^ereut  hypotheses  of  descent,  winch  are 
IuuiuIimI  entirely  on  siiccial  deductive  inferences,  is  very 
l)iie<}uaL     Savetal  of  these   conclusions  are   already   fully 


to 
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ealabliMhed  ;  others,  on  the  contrary,  Bre  most  doubtful ; 
yot  others,  it  ilepcnda  upon  the  subjective  propoitioii  of  thfll 
knowledge  of  the  naturali»t  and  on  hia  capability  of  drsw-f 
trig  concluaions,  what  degree  of  probability  he  will  nccuiJll 
to  tbeci.     It  is,  at  all  events,  necessary  thoroughly  to  di»J 
linguish   between  tlie   absolute   certainty  of   the   gononl|l 
(inductive)  theory  of  descent,  and  the  relative  certainty  o^il 
the   special   (doductivo)    hypothesis    of  descent.     We   ■ 
never  in  any  case  prove  the  whole  ancestral  line  of  a 
ccstors  of  an  organism  with  the  same  certainty  with  v 
we  regard  the  theory  of  descent  as  the  only  scientific  expl&^V 
nation  of  the  organic  forms.     On  the  contrary,  the  specialfl 
proof  of  all   separate   parent-forms  must  always   remain  * 
more  or  less  incomplete  and  hypothetical     That  is  quite 
iiattiraL      For  all  the  records  of  creation  upon  which  we 
rely  are  in  a  great  measure  incomplete,  and  will  always 
remain   incomplete;  just  aa   in   the   case  of  Comparative 
Pliilology. 

Above  all,  Palieontology,  the  moat  ancient  of  all  records 
of  creation,  is  in  the  tiighest  degree  incomplete.  We  know 
that  ail  the  jictrifications  with  which  we  are  acquainted 
form  but  an  insignificantly  small  fragment  of  the  whole 
number  of  animal  forma  and  plant  forms  which  have  ever 
existed.  For  each  extinct  species  obtained  byis  in  a  petrifiod 
condition,  there  nre  at  least  a  hundred,  probably  thousand! 
of  extinct  species  which  have  left  no  trace  of  their  existence. 
This  extreme  and  most  deplorable  defectiveness  of  the  ptihi^on- 
tological  record  of  creation,  upon  which  it  is  impossible  to 
insist  too  strongly,  is  very  easily  accounted  for.  The  very 
conditions  under  which  organic  remains  become  potrifi<>d 
nttceasitate  it     It  is  also  partly  explicable  as  the  result  of 
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Bii  imperfect  knowledge  in  this  department  It  must  be 
remembered,  that  far  the  greater  proportion  of  Uie  rock 
i4ti-ata  which  constitute  the  mountain  masses  of  the  surfaeu 
of  the  earth  is  not  yet  unfolded  to  ua  Of  the  count- 
leas  yietrifications  whieh  are  hidden  in  the  huge  moun- 
tain ciiains  of  Asia  and  Africa,  we  kno-v  but  a  few  small 
samples.  Part  of  Europe  and  of  North  America  has  alone 
been  more  minutely  explored.  The  whole  of  the  petri- 
factions accuratc'ly  known  and  in  our  collections  do  not 
amount  to  a  hundredth  part  of  those  which  really  exist  in 
the  crust  of  the  earth.  In  this  respect  we  may,  therefore, 
expect  a  rich  harvest  of  discoveries  in  the  future.  But,  in 
spite  of  this,  the  pala;ontological  recoiii  of  creation  {(•■!■ 
reasons  which  I  have  amply  exfjlained  in  Chapter  XV.  oi 
my  "Natural  History  of  Creation ")  will  always  rcii»niii 
extremely  incomiilcte. 

Not  less  incomplete  is  the  second,  moet  important  recoid 
of  creation,  that  of  Ontogeny.  For  the  Pliylcgeny  of  the 
individual  it  is  the  most  important  of  all  Yet,  it  also  has 
its  great  defects,  and  often  leaves  us  in  the  lurch.  In  this 
mattei-,  we  must  distinguish  quite  clearly  between  palin- 
genetic  and  kenogenetic  phenomena,  between  the  original, 
inherited  evolution  and  the  later,  vitiated  evolution.  We 
must  never  foi^et  that  the  laws  of  abridged  and  vitiated 
heredity  fi-equcutly  di>;gnise  the  original  course  of  evolution 
beyond  recognition.  The  reproduction  of  tho  Phjlogfnj 
in  the  Ontogeny  is  but  raiely  tolerably  complete.  The 
earliest  and  most  important  stages  of  gcnn-history  are 
usually  the  most  abridged  and  compressed.  The  youthful 
evolutionary  forms  have  in  turn  often  adapted  themselves 
to  Dew   conditions,  and   have  thus   been   modified.      The 
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struggle  for  existence  has  excited  an  equally  strong  modify* 
ing  Influence  upon  the  various  independent  and  yet  un- 
developed young  forms,  as  npon  the  developed  and  matura 
forms.  Therefoi-e,  tn  tlie  Ontogeny  of  the  higher  animal 
forms,  the  Phylugeny  has  been  very  greatly  limited  hy  Eeno- 
genesis;  as  anile,  only  a  blurred  and  much  vitiated  picture 
of  the  original  course  of  evolution  of  their  anccRtors  no« 
liea  before  us  in  the  Ontogeny.  Only  with  great  precaiitioit 
and  judgment  dare  we  infer  tlie  tribal  history  directly  from 
the  germ -history.  Moreover,  the  germ-history  itself  is 
known  to  us  only  in  the  case  of  very  few  species. 

Lastly,  the  highly  important  record  of  creation  afforded 
by  Comparative  Anatomy  is  unfortunately  very  incomplete 
and  for  the  simple  reason,  that  the  number  of  extant 
flntmal  species  forms  but  a  very  small  fragment  of  the 
whole  number  of  different  animal  forms  that  have  existed 
from  the  beginning  of  the  organic  history  of  the  world  to 
the  present  time.  Tlie  total  sum  of  the  latter  may  safely 
lie  estimated  at  several  millions.  The  number  of 
animals  the  oiganizat'on  of  which  has  at  present 
investigated  by  Comparative  Anatomy  is  very  small  ii 
portion.  The  more  extended  investigations  of  the  fill 
will,  here  also,  open  up  unexpected  treasures. 

In  view  of  thb  evident  and  natural  incompleteness 
the  moat  important  records  of  creation,  we  must  of  coai 
take  good  care,  in  the  tribal  history  of  Man,  not  to  lay 
great  weight  on  single  known  animal  form.s,  nor  with  i 
certainty  to  consider  all  the  stages  of  evolution  which 
under  our  consideration,  as  parent-forms.     On  the  coni 
in  hypothetioally  arranging  our  ancestral  line,  we  Dn 
take  ^ood  care  to  remember  tliat  the  single  h^-potlietii 
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fnrent-forma  are  of  very  diverse  values  in  relation  to  the 
certainty  of  our  knowledge.  From  the  few  remarks  whicli, 
while  speaking  of  the  Ontogeny,  we  made  as  to  the  cone- 
^ponding  phylogenetic  forma,  it  will  have  been  understood 
that  some  germ-forms  may  with  certainty  be  regarded  as 
ivprwiuctions  of  corresponding  pa  rent- forms.  We  recog- 
nized the  human  egg-cell  and  tlie  parent-ceU  which  results 
from  the  impregnation  of  tlie  latter  aa  the  first  and  most 
important  form  of  this  kind. 

From  the  weighty  fact  that  the  egg  of  the  human  being, 
like  the  egg  of  all  other  animals,  is  a  simple  cell,  it  may  be 
quite  certiainly  inferred  that  a  one-celled  parent-form  once 
existed,  from  which  all  the  many-celled  aniiuals,  Man  iu- 
eluded.  developed. 

A  second  very  significant  germ-form,  which  evidently 
reproduces  a  primieval  parent^form,  is  the  gorm-veaicle 
(Bl(wttUa),  a  simple  hollow  sphere,  the  wall  of  which  con- 
KiiitA  of  a  single  cell-stratum,  A  third  extremely  import- 
ant form  in  germ-hifitory,  which  may  bo  quite  saft-'ly  and 
directly  referred  back  to  the  tribal  history,  is  the  true  CJas- 
trul^  This  most  interesting  larval  form  alreanly  exhibits 
the  animal  body  composed  of  two  germ-layers,  and  fur- 
aiahed  with  the  fundamental  primitive  organ,  the  intestinal 
canaL  Now,  as  the  same  two-layered  germ-condition,  with 
the  primitive  rudiment  of  the  intestinal  canal,  is  commou  to 
■U  the  otlior  animal  tribes  (with  the  single  exception  of  tliL- 
Priniitive  Animals,  I'rotozoa),  we  may  certainly  from  this 
bifcr  a  common  pai-ent-fonn  of  similar  construction  to  the 
Gnxtrula,  the  Qastra?a.  Equally  important  in  their  beaiing 
on  Uie  Pliylogeny  of  Man,  are  the  very  important  ontoge- 
oetical  fonn  condition.s  which  correRpond  to  certain  Worms. 
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Sknll-IesB  Animals  (Acraniii).  FisLua,  etc.,  etc.  On  llie  otha 
liftiiJ.  between  these  ijuite  certain  and  most  valuable  pliylo- 
{juuutic  points,  great  gaps  in  our  knowledge  unfortunat«lj 
exist,  with  wliich  we  shalJ  again  and  again  meet,  and  whidt 
are  satisfactorilj'  explained  by  rea-sona  wbich  have  already 
been  named,  especially  by  the  incompleteness  of  FalH-ui^' 
tology,  of  Comparative  Anatomy,  and  Ontogeny. 

In  the  lir^t  attempts  to  construct  the  human  ancestral 
tine,  which  I  matle  in  my  Generelle  Morpkolor/ie,  and  in 
the  "  Natural  History  of  Creation,"  I  arranged  first  ten, 
and,  later,  twenty-two  different  animal  forma,  which,  with 
more  or  less  certainty,  may  be  regarded  us  the  animal  an- 
cestors of  the  human  race,  and  which  must  be  looked  upon 
as  in  a  sense  the  most  important  stages  of  evolution  in 
the  long  evolutionary  aeries  from  the  one-celled  organisms 
up  to  Man.""  Of  these  twenty  to  twenty-two  animal  fornii 
about  eight  fall  within  the  older  division  of  tlie  Inverte- 
brates, while  twelve  to  fourteen  belong  to  the  more  recent 
Vertebrate  division.  How  these  twenty-two  most  important 
parent-forma  in  the  human  ancestral  line  are  distributed 
through  the  five  main  periods  of  the  organic  history  of  the 
earth,  is  shown  in  the  following  Table  (XVI.).  At  least  half 
of  tliesc  twenty-two  stages  of  evolution  (that  is,  the  eleven 
oldest  ancestral  forms)  are  found  within  the  Archilitliic 
Epoch,  within  that  first  main  period  of  the  or^'anic  history  <d 
the  earth,  which  includes  the  larger  half  of  the  latter,  a&l 
during  ^yhich  probably  only  aquatic  organisms  existed.  The 
eleven  remaining  parent-forms  fall  within  the  four  remaining 
main  Epochs :  three  within  the  Palteolithic  Epoch,  three 
within  the  Mesolilhic  Epoch,  and  four  within  the  CiennUtliic 
Epoch.  In  the  last,  the  Anthropolitluc  Age,  Man  already 
existed. 
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If  we  would  now  undertake  the  difEcult  attempt  to  dis- 
onvc-i  the  phylogenetic  course  of  evolution  of  these  twenty- 
two  bumaa  ancestral  stagea  from  the  very  commencement  of 
life,  und  if  we  venture  to  lift  the  dark  veil  which  covers  the 
oM«.'3t  secrets  of  the  organic  history  of  the  earth,  we  must 
Liidoubtedly  seek  the  first  beginning  of  life  among  those 
wonderfid  living  beings  which,  under  the  name  of  Monera,  we 
have  already  frequently  pointed  out  as  the  simplest  kngwn 
Htganisms.  They  are,  at  the  same  time,  the  simplest 
concuvable  organisms;  for  their  entire  body,  in  its  fully 
developed  and  freely  moving  condition,  consists  merely 
of  a  small  piece  of  structureloss  primitive  shme  or  plasson, 
wf  a  small  fragment  of  that  extraordinarily  important  nitio- 
genouB  carljon  compound,  which  is  now  universally  esteemed 
the  iiii>st  important  material  substratum  of  all  the  active 
phenomena  of  life.  The  experiences  of  the  last  ten  yeara 
pai-ticularly  have  convinced  uh  with  more  and  more  cer- 
tainly tliat  wherever  a  natural  body  exhibits  the  active 
pbenoinma  of  life,  nutrition,  propagation,  spontaneous 
Bovmnont,  and  sensation,  a  nitrogenous  carbon  compound. 
belco^n^  to  the  chemical  group  of  albuminous  bodies,  is 
■IwayB  Kctive,  and  represents  the  material  substance  through 
which  these  vital  activities  are  effected.  Whether,  in  a 
tnonutic  sense,  we  conceive  the  function  as  the  direct  effect 
oflhe  formed  material  substance,  or,  in  a  dualistic  sense,  we 
(cgHfd  "  Matter  and  Force"  as  distinct,  it  is  at  least  certain 
tliat,  hitherto,  no  living  organism  has  been  observed  In  which 
the  exercise  of  vital  activities  was  not  inseparably  connected 
with  a  plasson-body.  In  the  Monera,  the  simplest  con* 
Ceivable  organisms,  the  whole  body  consii^ta  mcri'ly  of  plasson, 
aon««poiiding  to  the  "primitive  BlimB"  of  carlit-r  natural 
.hy. 
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TTie  soft  slimelike  plasaon-substance  of  tlie  boJy  of  the 
MoD^rm  is  comnioiily  called  " protopliimna,"  and  identified 
with  the  cell-substance  of  ordinary  animal  and  plant  cellH. 
As,  however,  Eduard  van  Ecneden,  iu  his  excellent  woik 
upon  the  Gregarinje,  first  clearly  pointed  out,  we  must, 
Ktrictlj  speaking,  distinguish  thoroughly  between  the 
pla!*aoD  of  cytods  and  the  protoplasm  of  cella.  This  dis- 
tinction is  of  special  importance  in  its  bearing  on  the  history 
of  evolution.  As  waa  before  incidentally  mentioned,  we 
must  assume  two  different  stages  of  evolution  in  those  ele- 
mentary organisms,  which,  as  formative  particles  or  plastids, 
represent  organic  individuality  of  the  first  order.  The  older 
ftnd  lower  stage  is  that  of  the  cytods.  in  which  the  whole  body 
consists  of  but  one  kind  of  albuminous  substance,  of  the 
simplest  plasson  or  fuimative  material  The  moi-e  recent 
«nd  higher  stage  is  that  of  cells,  in  which  a  separation  or 
differentiution  of  the  original  plasson  into  two  different 
kind«  of  Albuminous  substances,  into  the  inner  cell-kernel 
(niM^«tt«),  and  the  outer  cell-substance  (protoplasma),  has 
kiready  taken  place. 

Tlie  Monera  are  the  simplest  permanent  cytotls.  Their 
ratire  body  consists  merely  of  soft,  structureless  plasson. 
However  thoroughly  wo  examine  them  with  the  help  of 
tlie  raont  delicate  chemical  reagents  ajid  the  strongest  p])tical 
instruments,  we  yi^t  find  that  all  the  parts  are  completely 
iKtfnogvneoaa.  These  Monera  are,  therefore,  in  the  strictest 
netUM  of  the  word,  "  organisms  without  organs ; "  or  even,  in 
K  strictly  philosophical  sense,  they  might  not  even  he  called 
"organisms,"  since  they  possess  no  organs,  since  they  are 
not  coinposod  of  various  particles.  They  can  only  be  called 
to  HO  far  OS  they  are  capable  of  exercising  the 
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organic  phenomena  of  life,  of  nutrition,  reproductio 
tion,  and  movement.     If  we  tried  to  construct,  d  pr 
sinipleat  conceivable  oi^'anism,  we  should  always 
pelled  to  fall  back  upon  such  a  Monera. 

Although  in  all  real  Monera  the  body  consists 
of  such   a  small  living  piece  of  plaason,  yet,  an 
Monera,  which   have   been   observed    in    the  sea 
fresh  water,  we  have  been  able  to  distinguish  sev 
ferent  geneiw  and  species,  varying  in  the  modo  in  wh 
tiny  bodies  mnvo  and  repraduce.     In  the  way§  i 
uioveracnt  is  accotiipHshod  very  noticeable  diflerenc 

r  MM 

Fia.  163.— A  MoDBron  (rrotama:ha)  in  the  net  nf  reproducl 
whole  Unoenni,  whjcb  iiiotbj,  like  the  orditinrj-  AmrBlia,  by  meniu 

(much  enlarged). 

In  some  Monera,  especially  in  the  Protameeba  C 
tlie   formless  body,  during  its  movements,  invsn 
velops  only  a  few,  short,  and  blunt  processes,  whic 
like  fingers,  slowly  altering  their  form  and  size,  b 
branching.      In    other    Monera,    on   the   otlier   h 
Vrotinnyxa,  M i/xastfum),  very   numerous,   long, 
generally  threa4^i-likc  proccasea   arise   from   the   a 
the   movable   body,   and  these   branch    irregular 
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hriuiDg  their  free  moving  ends,  so  an  to  fi>nn  a  net,  Hugo 
IS  of  such  aliaiti-neta  crawl  upon  the  cicopest  bottom 
or  the  aea  {Buthjbiua.  Fig,  lti4).  Within  these  aoa  alirae- 
like  plasson-neta  alow  currents  continually  pass.  Such  a 
kI<^nttroa  may  be  fed  with  finely  pulverized  colnuring 
atatter  (for  instance,  carmine  or  indigo  powder),  if  this 
jKiwder  is  scattered  in  the  drop  of  water  under  the  micio- 
kpe,  in  which  the  Moneron  is  contained.  The  grains 
colouring  matter  at  first  adhere  to  the  suiface  of  the 
llimy  botly,  and  then  gradually  penetrate,  and  are  driven 
•boat  in  irregular  directions.  The  separate  smallest  par- 
ticles, or  molecules,  of  the  Moneron-body,  called  "  pla.s- 
tidules,"  "*•  displace  each  other,  change  their  relative 
poutiona.  and  thus  effect  a  change  in  the  position  of  thu 
mleurbcid  particles  of  colouring  matter.  This  change  of 
piuitLion.  at  the  same  time,  proves  positively  that  a  hlilileii 
delicate  stnicture  Aoks  not  exist.  It  might  be  argued  Unit 
the  Hoiiera  are  nut  really  structureleas,  but  tliat  tliiir 
organiiiation  is  ao  minute  that,  in  conseoucnce  of  the  In- 

[)ri|uate  power  of  our  magnifying  glasses,  it  is  invisiblt!, 
Tliis  objection  is,  however,  invalid,  for  by  the  ex|^ninL-nt 
>f  feeding,  we  can.  at  any  moment,  prove  the  entnvnce  «i 
rtireign,  formed,  small  bodies  into  the  diflercnt  partn  of  tlie 
body  of  tlie  Moneron,  and  that  these  are  irregulaily  driven 
slNiut  io  all  directions.  At  the  same  time  we  see  thai  the 
cliangeable  network  of  threads,  formed  by  the  branching 
of  the  protoplasmic  threads  and  the  coalescence  of  the  con- 

ucot  branches,  alu-r   their  (onfigurafcion  every  moment; 

list  fta  haa  long  been  known  to  occur  in  the  thn-;id-ni-U 
ef  tli«  protoplasm  in  the  interior  of  the  plant-cells.  The 
llotieni  are,  tht'ifloru. really  huniogencona  and  Mtructurtileiui 
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each  part  of  the  body  is  every  other  part.  Each  part  can 
absorb  and  digest  Douriahmeot ;  each  part  b  excitable  aui) 
sensitive;  each  part  can  move  itself  independently;  and 
lastly,  each  part  ia  capable  of  reproduction  and  rt-yenera- 
lion. 

Tlie  reprodi;ctinn  of  Monera  always  occurs  asexiiallj. 
In  the  Protaiiiixba  (Fig.  1G3),  each  individual,  after  it 
has  grown  to  a  certain  size,  aimiily  separates  into  two 
pieces.  Round  the  circiuuference  of  the  body  a  contractiun 
arises,  as  in  cell-division.  The  connection  between  the  twu 
halves  continually  becomes  more  slender  (£),  and  Knally 
parts  in  the  middle.  Thus,  in  the  simplest  possible  way, 
two  new  individuals  proceed  by  self-division  from  oiie 
quite  simple  individual  (C).  Otler  Monera,  after  they  have 
grown  to  a  certain  size,  gatlier  tJieinselvea  together  into  i 
spherical  form.  The  globular  protoplasmic  body  exudes 
a  jelly-like  protecting  envelope,  and  a  breaking-up  of  lli« 
whole  plasson-ball  takes  place  within  this  covering;  it 
breaks  eitlier  into  four  pieces  (Vavijn/TtUa),  or  into  a  i 
large  number  of  smaller  globules  (Protomonaa,  Protompea;  I 
c(.  Plate  I.  in  the  "  Natural  History  of  Creation").  ARtt  J 
a  time,  these  globules  begin  to  move,  split  the  ini 
by  their  movement,  and  emerge;  after  which  tliey  i 
about  by  means  of  a  long,  thin,  thread-shaped  pro 
Each  again  passes  by  simple  growth  into  the  mature  f 
Thus,  it  is  possible  to  distingui-sh  different  genera  i 
s[iecieB  of  Monera,  on  one  hand,  by  the  form  of  tiie  differe 
]irocessea  ol'  the  body,  and,  on  the  other  hand,  by  I 
diHerent  kind  and  manner  of  reproduction.  In  the  appendi 
to  my  monograph  of  the  Monei*  I  enumerated  eight  genei 
and  sixteen  ^jKcieb  ^"  Biol.  iSludien,"  vol  L  p.   Idi). 
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jost  remarkable  of  all  Sloncra  is  tlie  Bathyliiiis,  wliitli  *aa 
iscovered  hy  Huxley  in  1SC8  (Fig.  1G4).     This  w-mik-rful 

Ui'Serun  lives  in  tliu  dacpcat  parU  of  the  sea,  espivially  in 


Pw.  I(M.— Bnthjbina  Hsokelii  (Huile;).     a  ■mall  piece  ot  tlie  fnTinlnu 
■d  goBthiuall/  (.-haugiiig  plaiiauu-uel  of  Ihii  Uuiiei'Da  tmui   lUu  AtlaiiLia 


Die  Atlantic  Ocean,  and  in  places  covers  the  whole  (loir 
uf  tlw  sea  in  such  masses,  tliat  the  fine  mud  on  the  latter 
eooabta,  in  great  measure,  of  living  slima     The  protoi>latin 

tbftae  foririluss  nets  dues  not  see  in  diH'eieutiatod  at 
all;  eai:b  little  piece  is  capable  of  fonriing  an  individuul. 
llie  active  amcuhoid  movements  of  these  formless  pieces  o{ 
(ilaaaon,  which  were  first  observed  by  the  English  zoologists 
Carpenter  and  Wyville  Thomson,  have  recently  been  again 
observed  by  the  German  Arctic  voyan;er,  Kiuil  Bettsels.  in 
the  BAthyUua  of  the  coast  of  Green laiul.'''^ 

The  origin  and  importance  of  thiiso  hirje  maa<*ea  of 
livinj^  fonnless  plaason-bodic^  in  tlie  Juwest  deptlia  uf  tho 


► 
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sea,  raises  many  dKrercnt,  iii()iiinea  and  thouglita,  SfKin^' 
tanooUH  gener.atiiin.  especially,  is  natiiraily  snggested  by  thr 
Bathybius.  We  have  already  found  that,  for  the  origin  of 
Qrst  &]onera  upon  our  globe,  tlie  assumption  of  sponUiied 
genei^ation  is  a  necessary  hypothesis.  We  shaU  b«  all  tlie 
moro  inclined  to  confirm  it  now  that,  in  the  Honera,  wc  havfl 
recognii-.eJ  tliose  simplest  organUms,  the  ori^n  of  which 
by  spontaneous  generation,  in  the  present  condition  of  our 
science,  no  longer  involves  very  great  difficulties.  For  ths 
Mt>nera  actually  stand  on  the  very  boundary  betwciai 
organic  and  inorganic  natural  bodies."* 

Next  to  the  simple  cytod-bodies  of  the  Monera,  as  the 
second  ancestral  stage  in  the  human  pedigree  (as  in  that 
all  other  animals),  comes  the  simple  cell,  that  most  undifferen- 
tiated eelt-form,  which,  at  the  pi'esent  time,  still  leads  a 
independent  solitary  life,  as  the  Amcuha,  For  the  first  an 
oldest  process  of  orgiinic  dilferentiation,  which  affct-t<.«<l  tli 
humo'^neous  and  structureless  plasson-body  of  the  Monen 
caused  the  separation  of  the  latter  into  two  ditlei-unt  buI 
stances ;  on  inner  fii-mer  substance,  the  kernel,  or  nut 
and  an  outer,  softer  sulHitance,  the  cell -substance, 
ftrnttipf'iKjnji.  By  this  extremely  important  separative 
c<'»a.  by  the  dllicrentiation  of  the  plasson  into  nueleim  am 
pmlo plasm,  the  oi'gnniKed  cell  originated  from  the  ntniclurfl 
less  cytod,  the  nucleolatod  from  the  non-nucleolatud  plastiii 
That  the  cells  which  fii'st  appeared  upon  the  earth  urigiii 
alisl  in  una  manner,  by  the  dilfcrenliation  of  the  Monerm  t 
a  conception  which  in  the  present  cimdition  of  histol<)<ji(j 
knowledge  seems  quite  allowable ;  for  we  can  even  ye 
directly  observe  this  oldest  histological  process  of  dilfef 
eutjalioji  in  Ontogeny.    It  will  be  rcmciubvrud  tliat  in  lia 
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I  e28"**'U  "f  animals,  either  before  or  after  fertilization,  the 
I  original  kernel  disappeared.  We  explained  this  phenomenon 
I  &.<«  a  reversion  or  atavism,  and  assumed  that  the  egg-ct-ll. 
I  in  ac^Mirdaiice  with  the  law  of  latent  heredity,  first  falia 
I  liaek  into  the  kemel-less,  cytoti  stage  (Fig.  165).  It  is  onjy 
LcAcr  fertilisation  is  accomplished  that  a  new  cell-kernel 
|Bnae«  in  this  cytod,  which  thus  becomes  tlic  jmrent-cell 
I  (Cfftula,  Fig.  lOfi).  The  transitory  kernel-less  eytod-con- 
k  dition,  intermediate  between  the  egg-cell  and  the  parent- 
I  ckII,  is  an  interesting  germ-form,  because,  in  accordance 
I  with  the  fundamental  law  of  Biogeny,  it  reproduces  the 
I  original,  oldest  pajent-fonn  of  the  Moneron;  we  tlierefoi-e 
|niU  it  the  Monerula.     (Cf  vol.  i.  j-p  17H-183 ) 


r.«.  US—MoiioralH  of  MiKiitiml  f  RnlibiO.     Tho  fertiliwid  eKK-etill  slier 
««•  nuclms  1b  a  aiiiiplo  bull  of  pmtoplBi--.  (rf>,  Tim onWr  pororin? 
or  i*  rrirmcd  by   thu  modinml  tana  p-Oucirfn  «)  Uiiwther  wftU 
•jnr  (hi  K*r<ile.l  on  lo  the  ontM.le  of  ll.e  Inllur.     la  tliii  a  Tow 
>  km  atill  (Isiblr  n). 
fin.   l(M.-IW.«,n  (Ci,luU)    or  a   Mnrnnuil    (Kftblril) .   I.   ™rent. 
,t»l.   ».  ■«(«!«»  fif  Ibe  Inltor;    p,  jn,.l..r.l«™,  of  ll.c  ,«mi.t.i-eUi    .. 
^•liH»l*>M  iwIlnriiEd  t  .,  ■|«nn-crll»  ^  A,  onlpr  rillmmii 
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Wa  have  already  explained  the  one-celled  germ-fiwrft, 
wliich  we  see  in  the  origmal  egg-cell  and  the  parent-cell 
which  is  originated  by  the  fertihzation  of  the  egg-cell,  at 
the  reproduction  of  a  oue-celled  parent-forai.  to  which  wo 
aiciiljed  the  organization  of  an  Amceba  (cf.  Chap.  VJ.).  For 
the  Auiftba,  as  it  yet  lives  widely  distributed  in  tlie  frenh 
and  salt  waters  of  the  globe,  must  be  regaided  as  the  mort 
miditl'erertiatcd  and  most  original  of  the  various  one-celled 
Piiinitive  Animals.  As  the  immature  primitive  egg-cells 
(which  as  "primitive  eggs"  or  Protova  are  found  in  the 
ovary  of  animals)  are  indistinguishable  from  ordinary 
Aiu(i?bte,  we  are  justitied  in  pointing  to  the  Amtrba  aa  the 
one-celled  phylogenetic  form,  which,  in  accordance  with  the 
fundamental  law  of  Biogcny,  is  at  the  present  time  yet 
reproduced  in  the  ontogenetic  primitive  condition  of  tht 
"  Amtehoid  egg-cell."  Aa  evidence  of  the  striki 
ivBpondcnce  of  the  two  cells,  it  was  incidentally  men- 
tioned that  in  the  case  of  some  Sponges  the  real  eggs  of 
these  animals  were  formerly  described  as  parasitic  AmoEb» 
Large  one-celled  Amoeba-like  organisms  were  seen  creeping 
&lM>ut  in  the  interior  of  the  Sponge,  and  were  mistaken  for 
paratitea.  It  was  only  afterwards  that  it  was  discovei 
that  these  "  parasitic  Amcehie  "  (Fig.  1 G8)  are  really  the 
of  the  Sponge,  from  which  the  yoimg  Sponges  develop, 
These  egg-cells  of  the  Sponge  are,  however,  so  like  t 
Iruo  common  AmdjhjB  (Fig.  167)  in  size  and  structure, 
the  nature  of  their  nuclei  and  in  the  characteristic  form 
movement  of  their  continually  changing  fabe-feet  (psetidtf 
pinliii).  that,  unlL'ss  iheir  source  is  known,  it  is  inijiosiul 
to  distinguish  them. 

This  phylogeiii'tic  explanation  of  the  egg-ccll  and 


roference  to  tlie  primifval  anccutiaJ  form  of  the  Amceba, 
dirBcd}>  enattleti  us  tugive  a  <lefiiiite  answer  to  the  old  hu- 
Dioroiu  riddlu:  Wbii;h  was  first,  tlie  egg  or  the  Jieu?    We  can 


Pi«.  167. — A  crawling  Amoelin  (mnrh  cnlarKed).   The  whole  orgfiniHin  lia« 
tWfnmi-Talnp  of  &  aimplr  naked  ci'11  am)  tuuvgh  about  liy  nicune  of  oliauge- 
wliii^h  are  eitunded  fnim  the  pnitotituaiiiio  liuily  and  a^in 
In  the  inside  ia   tlu!  brighl-uulouTed,  niundiah  cell-kuiiiel  or 


Via.  168.— Kks-ccH  of  a  Cfaalk-Bponge  (OlynthKf).  The  ci;k-™II  <^ 
•tuinl  in  Ihi^  hudy  nt  liu!  Spougo  bj  tatfiidiug  rariabiv  )>roci-s!§es.  like 
ur  Ui«  urdiunrii  Amtvlia. 
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now  very  ftimply  answer  this  Sphinx-quLstiuii,  with  which 
<i<ir  iftiiwtifrntM  try  to  shako  or  oven  to  refute  tlic  Theory  of 
Kvulutiun.  Tlie  egg  existeil  much  earlier  than  the  hen.  Of 
enunte  it  diil  not  exist  in  the  fnmi  of  a  bird's  egg,  but  as  an 
undJHi-n^ntiutcd  amcebnid  cell  of  the  sinipIeHt  form.  The 
rgj^  exi»trd  iiule])endeiitly  during  thousands  of  years  as  a 
citnpleift  on«-ceIIed  orgBnisia,  as  tlie  Ainftba.  It  was  only 
aft«r  the  descendants  of  theae  one-celled  Primitive  AiiJmals 
bad  developed  into  many-celled  animal  forms,  and  after 
thcMO  had  nexually  differentiated,  that  the  egg,  in  the  present 
phyM<>lvigieal  sense  of  the  word,  originated  Ironi  the  amo^- 


5' 


TIIK   EVKLTTinS  «F  lUS. 


ImuI  l-cII.     Evirn  Uten,  the  egg  was  Gr^  a  GA^tntn-egg.  thai  I 
a  Wortn-egg.  tlien  an  Acrania-^g,  then  a  FiaJi-egg,  an  An-  I 
)>bibiaii-egg,  a  lUptile-cgg,  and  lastly,  a  Binl-r^.     The  egg  I 
uf  tlie  Bini.  u  it  now  is,  b  a  most  complex  historical  pro-  f 
Jutrt,  the  risult   of  coimtless  process^  of  heredity,  whid 
liave  uccurrvil  in  the  course  of  many  millions  of  yeaxs." 
The  fact  tliat  this  primitive  egg-fonn,  as  it  first  appt 
ill  the  ovtiry  of  the  most  dissimilar  aitimals,  is  always  « 
■mu  form,  an  undilfercntiated  cell,  of  the  simplest  amccbt 
cliaracter,  has    already  bevn  pointed  out  as  an  especialU 
importADt  phcnomeDon.     In  tliis  earliest  young  conditti 
immediately  after  t)ie  individual  egg-cell  has  original 
consequence  of  a  separation  of  tlie  cells  of  the   i 
ovary,  no  essential  ditfereuce  is  recognizable  in  th«  e, 
of  the  most  dissimilar  animals.   (CC  Fig.  10,  vol  i  pLL34)  I 
is  not  till  later,  when  the  primitive  egg-cells,  or  Uie  pri: 
*I^  (jivotom),  have  absorbed  different  kinds  of  nutritr 
yelk,  and  have  surrounded  themselves  wiUi  variously  fonu«( 
coverings,  and  in  other  ways  ditferentjatcd— it  is  not  t 
they  have  in  tliia  way  changed  into  after-pgga  (vietovdj^ 
that  those  of  different  classes  of  animals  can   usually  I 
ilistingiitshed.     These  peculiarities  of  the  devclojicd  afte 
Rgg,  the  mature  egg,  ai'e  naturally  to  be  considered  as  ouI]j 
secondarily  acquiied,  by  adaptation  to  the  different  i 
ditioiia  of  exist^ice  both  of  the  egg  itself  and  of  the  auiuia 
which  forms  the  egg. 

The  two  Srsl  and  oldest  ancestral  forms  of  the  hum 
race,  which  we  have  now  considered,  the  Moneron  and  I 
Ama'ba,  are,  considered  from  a  morphological  point  of  view] 
simple  organisms  and  individuals  of  tlie  first  order,  PUstidi 
^11  MubHoijuent  stages  in  the  ancesti-al  chain  are.  on  tiM 
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r  ti4Uiil,  C](>iii}ii)uud  ui;ganisiiiij  or  mdividual'i  «f'  higher 
lonliT — social  agjjrt'gatiuiis  of  a  number  of  cells.  The 
l«arliust  uf  these,  which,  under  the  uanie  of  Synamcebti:', 
I  ve  must  renk  aa  the  thiitl  stage  of  our  pedigree,  are  quite 
rupla  societies  of  all  homogeneous  ini differentiated  ceUs ; 
I  aiim'tH>id  cutnniunititia.  To  be  cLTtain  as  to  their  nature 
I  and  origin,  wc  neeil  only  ti-aco  the  ontogenetic  product  of 
■  the  [iaivnt-c4>ll  step  by  step.  After  the  cytula  (Fig.  166) 
I  originated,  by  the  re-formation  of  a  eelt-kerael,  from 


'is.  IBS. — tlriRinnl  cir  j,riiniinliiil  uKK-^^lfBi'-igt 
tiflnU,  wli><il>  rcAQltrd  flMid  llt»  rirtili/Kliou  of  Ihe  < 
It;  ■  cuoUfiuiiDH  uut  ivgulnr  tnncciB  ut  ilivisiuu,  iuU 

|Jt),  tlinu  intu  flight  (C).  Md,  hutiy,  btu  vi 
Bf^lU  ID). 

Uic  Miinibi  (Fig.  103),  the  parent-cell  breaks  up.  by  repeated 

dtvLtittii,  into  numeroua  celk     We  have  already  minutely 

exuiiinocl   this   important   proce*!.'*    of 

ejjg'flcavage,  and  have  fonnil  that  all 

tlic   various   modes  of  the   latU'i-  aiv 

mutlificAtioiis  of  a  single  nimht,   that 

\tt    rniginoj   or    primordial    cleavage. 

((!f.  ("hap.  Vm.,  p.  im.)    In  the  Ver- 

IfhraU)  lim>  this  paliiigenetic  form  <f 

«g};-«IfAvage  hft.s  Uwn  accurately  i-e- 
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tained  to  the  pi-escnt  time  only  by  the  Amphioxiis.  whilf 
alt  other  Vertebrates  have  assumed  a  modifled  kenogenetic 
form  of  cleavage.  (Cf.  Table  III.,  vol  l  p.  241.)  The  latter 
ceilainly  originated  at  a  later  period  than  the  former,  anil 
the  egg-cleavage  of  the  Amphioxus  is,  therefore,  extremely 
interesting  (vol.  i,  p.  442).  In  this  the  parent-cell  firel 
pai'ts  into  two  similar  cells,  the  two  fii-at  cleavage -cells 
(Kig.  169,  A).  From  these,  by  continuous  division,  arise 
4,  H,  IG.  32,  64  cells,  eta,  etc  (Fig.  169).  The  final  result  of 
this  primoniial  cleavage  was,  we  found,  the  formation  of  a 
globular  mass  of  cells,  which  was  entirely  composed  of  homo- 
geneous, undifferentiated  cells  of  the  simplest  character 
(Figs.  170,  and  171,  E).  On  account  of  the  resemblance 
which  this  globular  mass  of  cells  bears  to  a  mulberry  or 
blackberry,  we  called  it  the  "  mulberry-germ,"  or  Tnoruia. 

This  "morula"  evidently  at  the  present  day  shows  BS 
the  many-celled  animal  body  in  the  same  entirely  simple 
primitive  condition  in  which,  in  the  earlier  Laurentian 
primitive  epnch,  it  first  originated  from  the  one-celled 
ania;lioi<I  primitive  animal  foi-m.  The  morula  rcproducov. 
in  accordance  with  the  fundamental  law  of  Giogeny,  tbt 
ancestral  form  of  the  Synamffba.  For  the  firet  cell-coiO' 
munities,  which  then  formed,  and  which  laid  the  fitA 
foundation  of  the  higher  many-celled  animal  body,  mi 
have  consisted  entirely  of  homogeneous  and  quite  sira] 
amtebotd  cells.  The  earliest  Amcebie  lived  isolated  hei 
lives,  and  the  amoeboid  cells,  which  originated  from 
divbion  of  tliese  one-celled  organisms,  must  also  have  li 
lived  isolated  and  self-dependent  lives.  Gradually,  howe^ 
by  the  side  of  thoae  one-celtcd  Primitive  Animals, 
amoeboid    communities  arose,   owing  to  the   fact  that  tin. 


M,  [larent-t-i'll  (cfftula);  C, 
ronlbenj-gBrm  {morula) ;  F 
in  aootiod ;  H,  infoUled  resi 
dlcal  Becc.uui  A',  gaaCrula,  o 
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a  i^inl  [llunofoiia  Danriiiil) 
rci  clencageHiullg  I  D,  Fuur  denrnge.rclUi  K, 
TCsiculnr  grroi  (bloifrila);  0,  TCBii'iilnr  |PTin 
lUir  Kiiai  in  Bootiun  ;  /,  gasfruln  in  Inngiiu 
cap.garin,  aseu  tiiioi  iLe  tulslde. 
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kindred  cella  whicb  originated  through  division  remained 
united.  The  advantagea  which  tliese  firet  cell-societies  fawl 
iu  the  struggle  for  existence  over  the  solitary  hermit  cell 
must  have  favoured  their  progression,  and  have  encouragv'l 
further  development.  Yet  even  at  the  piesent  time  scvemi 
genera  of  Primitive  Animals  live  in  ilie  sca  and  in  fresli 
water,  and  permanently  r-^present  these  primitive  cell- 
communities  in  their  simplest  form.  Such,  for  instance,  an 
several  species  of  Cystojihrys  described  by  Ai-cher,  th* 
Rhizopods  described  by  Richaid  Hertwig  under  the  name 
of  Microgromia  socndU,  and  the  Labyrinthulas  which  wera 
discovered  by  Cieukowski ;  formlcas  masses  of  homogeneous 
and  quite  simple  cells.'*" 

In  order  to  recognize  the  ancestors  of  the  human  races 
which    developed    fiiat    phylogenetieally    from    the   Syn- 
auKtiba,  we  need  only   continue   to   trace  tlie  ontogeneticj 
modidcation  of  the  Ampliiuxus-moiula  in  the  next  stAgecl 
I'he  fii'st  thing  noticed  is  that  a  watery  fluid  colleets  witJiiaJ 
the    solid    glubuhir    cell-mass,   and    the    cells    are   f 
together  and   driven   out   to   the  periphery  of  the 
(Fig.  ni.F.O;  Plate  X.  Fig.  9).     The  solid  mulberry-g 
thus  changes  into  a  simple  hollow  globe,  the  wall  of  wbid 
is  formed  of  a   single  cell-ati-atum.     This  cell-stialum  i 
called  the  germ -membrane  {Uaslodei'mu),  and  the   hoi 
globe    the    germ- membrane    vesicle    {UUmtula.    or    Um 
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the  interesting  Uastula  gerra-form  Is  also  of  great  sig- 
niBcaiice,  for  the  modification  of  the  mulberry-gorm  into  the 
germ-membrane  vesicle  takes  place  in  the  aame  way  in  a 
rrcat  many  animals  of  very  dissimilar  tribes ;  for  ia^tance,  in 
UMny  Plant-animala  and  Wonna,  in  the  Ascidians,  in  many 
Star-anirnaU  (Edtiiioderma)  and  Soft-bodiud  Animals 
{MoUasai),  and  also  in  the  Ampliioxua.  In  those  animals, 
however,  in  the  ontogeny  of  which  there  is  no  real  palin- 
genetic  blastula,  this  deficiency  is  evidently  only  the  rosult 
of  kenogenetic  causes,  of  the  formation  of  a  nutritive  yelk  j, 
ftnd  of  other  conditions  of  embryonic  adaptation.  We  may 
therefore  assume  that  the  ontogtnetic  blastula  is  the  repro- 
duction of  a  primreval  phylogeuetic  ancestral  fonn,  and  that 
all  animab  (with  the  exception  of  the  lower  Primitive 
AniroaU)  have  originated  from  a  common  parent-form,  the 
MJ-ucture  of  which  was  essentially  that  of  a  germ-mem- 
Lranc  vt.-fliclo.  In  many  lower  animah,  the  evolution  of  the 
(•IsNtuIn  takes  place  not  within  the  egg-coverings,  but  out- 
side Uii".  free  in  water.  Very  soon  after  this,  eaeli  cell  of 
the  pnnn-inonihnine  begins  to  extend  one  or  more  movable, 
lutir-lil;e  protoplasmic  processes;  owing  to  the  fact  that 
theMi  cilia  <m-  whips  vibrate  in  the  wat«r  the  whole  boily 
switna  aljutil  (Fig.  171,  F).  This  vesicular  larva,  the  body- 
wall  of  whicli  fnrms  a  cell-strntum,  and  which  rotates  and 
kwima  by  nn-nnr*  nf  ihi-  united  vibrauons  of  the  cilia,  ban. 
rver  since  ihr  yi-ar  IHiJ,  bucn  called  tlic  planula,  or  ciliated 
l.irva.  Thi.->  de-iignntion,  is.  however,  usud  by  ditloront 
n-ilojUbt  in  dillnient  Kenscs,  and  the  ga.stnda,  of  which  we 
^liall  vjieak  pi-esontly,  bus,  especially,  ollen  been  confunud 
vitb  the  I'laimla.  It  ta.  tliorofiTi'.  moru  convuiiii-nt  to  call 
Ui«  u  uu  I'Uuiula-furm  the  blaetula. 
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Various  kinds  of  Primitive  Animals,  which  yet  exist 
both  in  the  nea  and  in  fresh  water,  arc  formed  essentially 
like  the  blastula,  and  which,  in  a  certain  sense,  may  be  con- 
sidered as  permanent  or  persistent  blastula-forms,  Lollow 
vesicles,  the  wall  of  which  Is  formed  of  a  single  etratnm  of 
ciliated  homogeneous  cells.  These  Flanteads,  or  Blastatad^ 
aa  they  may  be  called,  are  formed  in  the  verj'  mixed  society 
of  tlie  Flagellatret.  especially  the  Volvoces  (for  instance, 
Synuru).  I  noticed  in  September,  I«C9,  on  the  Island  Gis-Oe, 
on  the  coast  of  Norway,  another  very  interesting  form,  which 
I  named  MaifosplicEni  planida  (Figs.  172,  173).  The  fully 
developed  body  of  this  forms  a  globular  vesicle,  the  wall  til 
which  is  composed  of  from  thirty  to  forty  vibratory  homo- 
geneous cells,  and  which  swims  about  freely  in  the  sea.    Aftei 
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liaving  reactied  maturity  the  society  dissolves.  Each  sepft- 
mie  cell  sUU  lives  a  while  independently,  grows,  and  changes 
into  a  crawling  Amoeba.  This  afterwards  assumes  a  globu- 
lar form,  and  encases  itself  by  exuding  a  structureless 
integument.  The  cell  now  has  just  the  appearance  of  a 
oomtncm  animal  egg.  After  it  has  remained  for  a  time  in 
this  qoiescent  state,  the  cell  breaks  up,  by  means  of  con- 
tinued division,  first  into  2.  then  into  4,  S,  16,  S2  cells. 
These  again  arrange  themselves  so  as  to  form  a  globular 
veside,  put  forth  cilia,  and  bursting  the  encasing  integu- 
nent,  awim  about  in  the  same  Magosphrei-a-form  fron 
wliich  we  started.  Tins  accomplishes  tlie  entire  life-history 
of  this  remarkable  Primitive  Animal'" 

If  we  compare  these  permanent  blastula-forms  with  the 
freely  awimming  FUmmer-larvfe  or  pi  anu  I  a -condition,  of 
nmilar  etrueturc,  of  many  other  lower  animals,  we  may 
vitli  cert^iinty  infer  tlierofrom  the  former  existence  of  a 
primaeval  and  long-extinct  parent-form,  the  structure  of 
which  was  essentially  like  that  of  the  planula  or  hlastnla. 
Wo  will  call  this  the  Plana-a,  or  BlastBa.  The  whole  bixly, 
Jn  its  fully  developed  condition, consisted  of  a  simple  hollow 
gltibe,  filled  with  fluid  or  structui'eless  jelly,  the  wall  cf 
[vhidi  formed  a  single  stratum  of  homogeneous  cells, 
covered  with  cilia.  Many  different  kinds  and  species  of 
Planm-like  PrimitJve  Animals  must  certainly  have  existed 
ftnd  formed  a  distinct  class  of  Protozoa,  which  we  may  call 
Flimmor-swimmGrs  {P/«nccacia).  A  remarkable  proof  of  the 
^taral  philosophical  genius  with  which  Karl  Enist  Bsor 
]ieDetnitcd  into  the  deepest  secrets  of  the  history  of  animal 
nvolnUau,  is  that,  as  early  as  the  year  182tS  (ten  years  before 
tho  c«Il-theOry  was  establialicdj,  he  guesauJ  tlie  M^oiificance 
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of  the  blastosphfera,  and,  truly  prophetically',  insisted  upon 
it  in  liiis  classical  "Entwickelun^geschichte  tier  Tliiere" 
(vol.  L  p.  223).  The  passage  in  question  says ;  "  The  fuitbui 
back  we  go  in  evolution,  the  more  do  wo  find  a  ccrre- 
spondence  in  very  different  animals.  Tliis  leodd  us  to  tl 
question :  Are  not  all  animals  in  the  beginning  of  t 
evolution  essentially  alike,  and  is  there  not  a  primaty  fonq 
common  to  all  I  As  the  gorm  ia  the  undeveloped  animal 
itself,  it  is  not  without  reason  that  it  is  asserted  that  tbH 
simple  vesicular  form  is  the  common  primitive  form  &oti) 
which  all  animals,  not  only  ideally,  but  also  historically, 
develop."  This  latter  sentence  has  not  only  ontogenetit^ 
but  also  phylogcnetic  significance,  and  is  all  the  more  noto< 
uuitliy  because  the  blastula  of  the  most  diverse  aniTn«lj| 
and  the  constitution  of  its  wall  of  a  single  cell-stratum,  v 
nut  then  known.  And  yet  Baer,  in  spite  of  the  extreme 
ileliclcncy  of  his  empiric  grounds,  ventured  tlie  bold  staM* 
ment :  "  At  their  first  appearance  all  animals  are  perhaps 
alike,  and  are  mercly  hollow  globes." 

Next  to  the  primiBval  ancestral  form  of  the  Plamea,  i 
the  fifth  stage  in  the  human  pedigree,  b  the  Gastiiea,  a  fom 
which  arises  from  the  Plannta.  Of  all  ancestral  forms  thift 
as  we  have  already  shouii,  is  of  pre-eminent  philosophici 
significance.  Its  former  existence  ia  certainly  proved  by  th 
vory  importajit  gastrula,  which  is  met  with  as  a  transitory 
gi  rm-stage  in  the  ontogeny  of  the  most  various  aniiuali 
(Fig.  171,  /,  A").  We  found  that  the  gastrula,  ta  its  original 
palingenctic  form,  is  a  globular,  oval  or  oblong-round  bodjl; 
with  one  axis  which  has  a  sitnple  cavity  with  one  opcni 
(at  one  pntc  of  the  axis).  This  is  the  pitiiiitive  intestiiW 
oivity  with  ibi  m'lutli-uponin ;.    The  iiitcsttntil  wall  ooiistsl 


THE  OA»TR.£A.  63 

of  two  oell-sti'ata.,  which  are,  in  fact,  the  two  primaiy  gciin- 
layersy  the  animal  skln-Iayer,  and  the  vegetative  intestinal 
layer. 

The  ontogenetic  origin  of  the  gastiula  fioin  the  blastiila 
at  the  present  day  alTonIs  us  trustwortlty  intoll igini^e  as  to 
the  phylogenetic  origin  of  tlie  Gastnea  from  the  I'lanica. 
We  found  that  on  one  side  of  the  globular  germ-metnbmiie 
vesicle  a  groove-Uke  depression  begins,  and  this  inveraion 
{invaffinatio)  becomes  continually  deeper  (Fig.  171,  If).  At 
Uat  it  is  80  great,  tliat  the  outer,  inverted  part  of  the  genn- 
membrane,  or  blastoderm,  attaches  itself  closely  to  the  inner, 
uninverted  portion  (Fig.  171,  /)■  Now,  if  guided  by  this 
ontogenetic  process,  we  wish  to  conceive  the  phylogenetic 
origin  of  ilie  Gastra;a  in  accoi-dance  with  the  fundamental 
Uw  of  Biogeny,  we  must  imagine  that  the  one-layered  cell- 
feociety  of  the  globular  Plannea  began^  especially  at  one  point 
of  its  surface,  to  absorb  nouiishment.  At  the  nutritive  point 
on  the  surface  of  the  ball  a  groove-like  depression  was  gra- 
dually formed  by  natural  selection.  The  groove,  which  was 
at  Qni  quite  shallow,  in  course  of  time  became  continually 
deeper.  The  function  of  nourishing,  of  absorption  of 
nutriment,  and  digestion,  was  soon  limited  to  the  cells 
wtiicb  lined  the  groove,  while  the  other  cells  undertook  the 
fuQCtion  of  movement  and  covering,  Thus  originated  tho 
Grat  divinion  of  labour  among  the  originally  houiugeneoiis 
Dolls  of  the  Planiea. 

The  Srvt  result  of  tliis  earliest  histological  diilbn^nlia- 
tion  was  the  distinction  of  two  different  kinds  of  cells-, 
within  the  hollow  the  nutritive  cells,  without,  on  the  eur- 
face,  the  motive  or  locomotive  cells.  The  distinction  of  the 
imjttimaijT  £ena-la,}'c£a  was  thus  cau^od.    The  inner  cella 
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of  Llie  Iioltow  foiined  the  inner  or  vegetative  laytsr, 
plkliing  the  functions  of  nutrition;  the  outer  colls  of  tho 
covering  formed  the  outer  or  animal  layer,  exercising  the 
fiinctions  of  locomotion  and  covering  the  body.  Til  If 
tii'st  and  oldest  process  of  differentiation  is  of  such  funda- 
mental significance  that  it  deser\-08  the  deepest  thought 
When  we  consider  that  the  body  of  the  human  beings 
with  all  its  different  parts,  and  also  the  body  of  all  other, 
higher  animals,  originates  fi-om  these  two  simple  primal^ 
germ-layers,  we  cannot  over-estimate  the  phylogenetie 
significance  of  the  gastmla.  For  in  the  quite  simple  priini- 
tive  intestine,  or  the  primitive  intestinal  cavity  of  the 
gastrula  and  its  simple  mouth-opening,  the  first  real  organ 
of  the  animal  body,  in  a  morphological  sense,  is  gained, 
the  earliest  genuine  organ,  from  which  all  the  other  orgnni 
have  differentiated  at  a  later  period.  The  whole  body  of 
the  gaslriila  is  really  only  a  "  primitive  intestine." 

We  have  already  pointed  out  the  remarkable  agrecmeni 
between  the  palingenetic  gastrula-forms  of  animals  of  tlw 
most  diverse  classes;  of  Sponges  (Fig.  17-t.  A),  Polype 
Corals  (Fig.  171.  /).  Mcdusw.  Worms  (Fig.  175,  B)  Star- 
animals  {JCchinodcrma.  C),  Articulated  Animals  (Artfim- 
■poda,  D).  Sod-lKwIied  Animals  {Mollusca,  E),  and  Verte- 
brates {F),  All  these  various  forms  of  the  palingenetjl 
i^trula  are  much  alike,  and  are  only  distinguished  by 
unessential  and  subordinate  peculiarities,  that  the  aystematiJ 
zoologist,  in  his  "  natural  system,"  could  only  represent  tli 
as  different  species  of  a  single  genus.  The  varioiia  ken< 
netic  gastmla-forma  which  have  been  described  were 
teferable  to  that  original  palingenetic  form  (vol.  i.  p.  231 ).  Tha 
ga-strula  proved  to  be  a  germ-form  common  to  all  claasos  of 
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animals,  with  the  exception  of  the  Protozoa.  This  highly 
important  fact  justifies  the  inference  in  accordance  with  the 
fundamental   law  of  Biogeny,   that   the  various   ancestral 
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Pjo.  174.— (-1)  Onrtrula  of »  Zoophyte  (Oaitrophysima),  Haeckel. 

Fio.  175.— (B)  Qutmla  o(  a  Worm  (Arrow-wurm,  Sagitta).   After  Kona- 

Pla.  176.— <C)  Gastrula  of  mi  EchiiiodTm  (Slor-Rah,  Urasler).  After 
Alviuider  A^jBaJi. 

FiQ.  \77.-iD)  Qutxala  of  on  Artluwpod  (Primilivo  Crab,  Na'ipli»>). 

PiQ.  17a-(E)  Gastmla  of  a  Mollusc  (Pond-Buail,  Limn<F>„).  After 
Karl  Rabl. 

Fio.  I79.-(F)  OEstmla  of  u  Vericbratc  CUiicolcl,  An-phiorvn)  After 
KmnWiky. 
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linos  of  all  these  classes  of  animals  have  Jeveloped  pliylo* 
genetically  from  the  same  parent-form.  This  most  sigtufi- 
cant  primieval  parent-furm  ta  the  Gastnea. 

The  Gastrea  was  at  any  rate  already  present  in  the 
Bea  dui'ing  the  Laurentian  period,  and  by  means  of  ito 
vibratory  friiige  hurried  about  in  the  water,  just  like  the 
yet  extant  free-moving  ciliated  gastrulse  of  this  age.  Pro- 
bably tlie  primieval  Gastrjea,  which  has  been  extinct  l-r 
many  millions  of  years,  differed  from  the  living  gastruk 
of  the  present  day  only  in  some  unessential  point.  On 
grounds  derived  from  Comparative  Anatomy  and  Ontogeny, 
the  explanation  of  which  would  lead  us  too  far,  we  may 
assume  that  the  Gastriea  had  already  acquired  sexual  ro- 
pruduction,  and  did  not  only  propagate  its  species  asexually 
Iby  division — ^bud-formation  or  spore-formation),  as  WM 
probably  the  case  with  tlie  four  preceding  ancestral  stages. 
Presumably,  single  cells  of  the  primary  germ-layers  as- 
sumed the  character  of  egg-eella,  others  that  of  fertilizing 
seed-cells.  (Cf.  Chapter  XXV.)  This  hypothesis  is  founded 
on  the  fa2t  that  sexual  reproduction  is  yet  met  with  in  the 
same  simple  forms  in  the  lowest  Plant-Animals  (Zooj'fiytn), 
especially  in  the  Sponges. 

Two  small  animal  forms  are   especially  interesting  in 
their  bearing  on  this  aspect  of  the  Gastiiea  theory, 
have  as  yet  been  little  ob3cr\'ed,  but  of  all  extant  anii 
they  are  most  nearly  allied  to  the  primseval  Gastr.ea. 
may  therefore  be  called  "  the   Gastnpads  of   the   pre 
day.""*    One  of  these  animals, //tt^i/>A)/sema  (Figs  180 
J 81),  has  liecn  described  by  Bowerbank  as  a  Sponge; 
other,  Gatftroph^aema,  by  Carter  as  a  Rhizopod  (as 
mulina  ")     The  entire  mature-  body  of  the  developed  pei 
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of  Htiliphi/aema  forms  a  raost  simple,  cylindrical  or  ugg- 
sbaped  pouch,  tlie  wall  of  which  comiiHts  of  two  cell-strata. 
TLu  cavity  of  thu   [louch   ia  the  stomach -cavity,   aud  the 


IW,   IHL—ttaliphi/iiima    jmiinriliaU,  »a  eltalit    Gaatrnn  rorm. 
I^l^  INOi    Rxtomal  view  tit  th«  whitlo  (pmdle-abnpod  nnimnl    (aiudii^il  Uy 
t  to  •cBwopd).      Fig.   181.  Ltinffitndinftt  •wtion  of  Uin  wmhh.     Tlio 
rr  intMtine  (rf)  oppna  at  ilii  ii|>pcr  onil  id  tho  iirrniitito  ni'inlli  li"). 
rn  %tut  whip.mllit  (q)  lin  ttninelmiil  eaif*  (f).    The  akin'lafDr  (f>)  IkiIow 
'  with  B™''"  *>f  ond,  nboTe  wilb  aputigi--apimil*'l. 


iiprniiif;  at  tlie  top    is   the  rnniith-opening   (Vig.  181,  *n). 
Tim  two  wU-strata  forming  tlic  wall  of  the  pouch  are  the 
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two  primary  genn '1st eTS.   These  most  tdmjtle  Plunt-Anitn 
differ  from  the  ga^trula  prmcipedly   in  the  fact   that  i 
former  are  attacheil  by  one  end  (that  opposite  to  the  tnontli- 
opfioing)  to   the   bottom  of  the   sea,  while  tho  latt«r  are 
free.   Moreover,  the  cells  of  the  skin-layer  are  coalescent  a 
have  included  many  foreign  bodies,  such  as  spongo-spicul 
sand-graias,   ele^   which   serve   to   support   Uie   body-* 
(Fig.  IW)).     The  intestinal  Uyer,  on  the  other  hand,  ■ 
sists  mei^Iy   of  a  stratum  of   ciliated  cells  (Fig  ISl, 
When  tie  Haliphysemti  is  sexually  mature,  individual  c 
of  its  entoderm  assume  the  character  of  female  egg-celb; 
on  the  other  hand,  individual  cells  of  its  exodcrm  becoiM  ^ 
Diaie  seod-eoUs ;  tile  ftjrtUizatiou  of  the  fonner  l.y  the  latU^ 


Frnt.  Mi".  IBS.—  \w.iU  of  n  SrHmBi*  {OJyytthim).  yie.  182,  from  tb»  iwi- 
«i<Ioi  Fig  IM.  in  l..ii7ilnrtiiml  »fclinn  :  ff,  primitiTo  intrsline ;  n,  primiti" 
monthi  1,  iatcatinsl  tftyer;  #,  akinlBfar' 
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pUice  directly  through  tlio  stoniacli-cavity.  A  true 
(Mdingenetic  gastnila  (Fig.  174)  develops,  just  as  in  the 
Mcinoxetiia  (Fig.  I7l),  from  the  fertilized  egg.  Tbia  swims 
about  for  a  time  in  the  sea,  then  attaches  itself,  and  ta  this 
8tat«  resembles  a  simple  young-form,  which  occurs  in  the 
ouiiTSe  of  the  evolution  of  many  other  Plant- Animals,  and 
which  is  called  the  ascula  fFiga.  182,  1S3).  In  conaetjuence 
of  the  absorption  of  foreign  bodies  by  the  exodeim,  it 
Iiccomes  the  Haltphysema. 

When  we  consider  that  there  is  no  other  important 
(lifiurcn<^  between  the  free-swimming  gastruhi  and  this 
attached,  simplest  Flant-animal,  we  are  fairly  justilied  in 
stating  that  in  the  simplest  form  of  Gastrsea  sexual  repro- 
ilacUoa  must  have  taken  place  in  the  same  way.  In  the 
Gastra»ds,  just  as  in  Plant^animals,  both  kinds  of  sexual 
cl-Us — egg-cells  and  sperm-cells — must  have  formed  in  the 
umc  person;  the  oldest  Gastneads  must,  therefore,  have 
l>«jn  hermaphrodite.  For  Comparative  Anatomy  shows 
lliat  hermaphroditism,  that  is,  the  union  of  both  kinds  of 
xexual  celU  in  one  individual,  b  the  oldest  and  original  cun- 
of  ioxaal  differentiation ;  the  se^wration  of  tlic  sexe^ 
u«)  did  nut  original  till  a  later  period.         fl 
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CUAPTER  XVII. 
THE  ANCESTRAL  SERIES  OF  MAN. 

II.  Fbom  thk  PBiMrnvE  Wobm  to  the  Skulled  Animal. 

I^  Foor  Higher  Animal  Tribes  are  descended  from  the  Worm  Tribb. — The 
DesoeDdants  of  the  Gastrsea ;  in  one  direction  the  Parent  Form  of  Plant- 
Animals  (8pon£fe«  and  Sea-Nettles),  in  the  other  the  Parent  Furiii  uf 
Wonns. — Radiate  form  of  the  former,  Bilateral  form  of  tlie  latter. — The 
Two  llain  Divisions  of  the  Worms,  i^coolomi  and  Coslomati :  the  former 
without,  the  latter  with,  a  Body  Cavity  and  Blood  vessel  System. — 
Sixth  Ancestral  Stage  :  Archelminthes,  most  nearly  allied  to  Tarbellaria. 
—Descent  of  the  Coelomati  from  the  Acoelomi. — Mantled  Animals 
(Tunicata)  and  Chorda- AnimnL  (CAorJoin'a).— Seventh  Stage:  Soft- 
Worms  (Scolecida). — A  Side  Branch  of  tlie  latter:  tlie  Acorn- Worm 
[ItalanogloBsus), — Differentiation  of  the  Intestinal  Tube  into  Gill-intes- 
tine and  Stomach-intestine.— Eighth  Stage:  Churda-Animald  (Chor- 
donia). — Asoidian  Larva  exhibits  the  Outline  of  a  Clioitla-Animal. — 
Cunstroction  of  the  Notochord. — Mantled  Animals  and  Vertebrates  as 
Diverging  Branches  of  Chorda- Animals. — Sepurutiun  of  Vertebrates  from 
the  other  Higher  Animal  Tribes  (Articulated  Animals,  Star-Animals, 
Soft -bodied  Animals). — Significance  of  the  Metameric  Formation. — 
Skoll-less  Animals  (Acrania)  and  Skalled  Animals  (Craniota). — Ninth 
Ancestral  t^tnge :  Slnill-less  Animals. — Amphioxas  and  Primitive  Verte- 
brale. — Development  of  Skulled  Animals  (Cunstruction  ot'  the  Head, 
Skull,  and  Brain). — Tenth  Aucestial  Stnge :  Skulled  Animals,  ailicKi 
to  the  C^clostomi  {Alyxinoidce  and  retromyzonidm), 

**  Kot  like  the  gods  am  I !    Foil  well  I  know } 
Bat  like  the  woiiu  which  in  the  dust  nuist  go^ 
And,  finding  in  the  dust  his  life  and  weal, 
Is  croshod  and  buried  by  the  traveller's  heel.^- 
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Whj  dost  tfaoQ  grin  at  nie,  thoa  boUow  akull  P 

Aa  though  of  old  tliy  brain,  liko  mine,  wna  Teiod, 

Bad  looke«l  to  &nd  bright  day,  bnt  m  the  twilight  dull. 
Id  searali  for  troth,  iraa  sad  and  tore  pei-pleied  t " 

Bi)Tii  in  prose  and  in  poetry  man  is  very  often  compaitd 
to  a  worm.  "  A  miei'nible  worm,"  "  a  poor  worm,"'  are 
cotimion  and  almost  compasKionato  pbrasca.  If  we  cannot 
detect  any  deep  phylogenetic  reference  in  this  zooloj;;ical 
metaphor,  we  niiglit  at  Ica^t  safely  assert  that  it  contains 
an  unconscious  coiiijHirit-on  with  a  low  condition  of  animal 
development  which  ia  intoresting  in  its  bearing  on  the 
pedigree  of  the  human  race.  For  there  is  no  doulit  that 
the  vertebrate  tribe,  in  common  with  those  of  the  other 
higher  clasHcs  of  animals,  have  developed  phjdogeneticaUy 
from  that  multiform  group  of  lower  invertebrate  animals 
which  are  now  called  Worma  However  closely  we  limit 
the  zoological  sij,'ni!icance  of  the  word  "  Worm,"  it  yet 
remains  indubitable  that  a  large  number  of  extinct  Worms 
muHt  be  reckoned  among  the  direct  ancestors  of  the  human 
race. 

The  group  of  Worms  (Vermes)  is  much  more  limited  in 
the  Zoology  of  the  present  day,  than  was  the  same  class  in 
the  older  Zoology,  which  followed  the  system  of  LimiEeus. 
It,  however,  yet  includes  a  gi-eat  number  of  very  diverse 
lower  animals,  which,  phylogeneticaJly,  we  may  regard  as 
the  few  last  living  twigs  of  an  immense  spreading  tree, 
the  trunk  and  main  branches  of  which  have  for  the  most 
part  long  since  died  o9'.  On  tlie  one  side,  among  the 
widely  divergent  classes  of  Worms,  are  found  the  parent- 
forms  of  the  four  higher  tribes  of  animals,  the  Molluscs, 
Star-animals.  Articulates,  and  Vertebrates ;  on  the  other  sldL-, 
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reml  comprehensive  groups  and  also  single  isolated  genera 

Worms  are  to  be  regarded  as  root-suckers  wbich  have 
routed  directly  from  the  rest  of  the  primseval  family-tree 

the  Worms,  Some  of  these  suckers  have  evidently 
MDged  but  little  from  the  long-extinct  parent-fonn,  the 
tiimtiva  Worm  (Protlidmis),  which  is  immediately  eon- 
ectwl  with  the  Gastnea. 

Ciiinparfttive  Anat*imy  and  Ontogeny  clearly  and  sig- 
lificsntly  prove  that  the  Gastraaa  miist  be  regarded  as 
be  direct  ancestor  of  this  Primitive  Worm.     Even  now,  a 

ilrula  develops  from  the  egg  of  all  Worms  after  its 
leavage.  Tlie  lowest  and  most  imperfect  Worms  retain 
iroughont  life  an  organization  so  simple  that  they  are  but 
iUla  raised  above  the  lowest  Plant-animals,  which  are  also 

imediate  descendants  of  the  Gastnca,  and  which  also  yet 

ivelop  directly  from  the  gastrula.  If  the  genealogical 
eUtion  of  these  two  lower  animal  tribes,  the  Worms  and 
be  Plant-animals,  ia  closely  examined,  it  becomes  evident 

I  the  most  probable  hypotbens  of  their  descent  is,  that 
two  originated,  as  independent  branches,  directly  from 
Qaatnta.  On  the  one  side,  the  common  parent-form  of 
Worms  developed  from  the  Gastnea ;  as,  on  the  other 
ie.  did  tho  common  parent-form  of  the  Plant-animals, 
STaWcaXVlII.  andXIX.) 

Th«  tribe  of  Plant-animals  (Zuopki/tes,  or  Ccelenfcrata] 

f  Comprehends,  on  the  one  side,  the  main  class  of  Sponges 
fponfficey,  on  the  other,  the  main  class  of  the  Sea  nettles 
ladtphai);  to  the  former  Imlong  the  Gastneads  and 
Kifera,  to  the   latt«r   the  Hydi-oid-polyps,  the   MedusiB, 

mopboree,  and  Corals.  From  the  Comparative  Anatomy 
4lbtt  Ontogvny  of  tficse  we  may  infer,  with  great  pro' 
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liability,  that  all  ibese  Flant^animals  descend  fi-otn 
common  and  very  simple  parent-fonn,  the  structure  of  ] 
which  resembled  that  of  the  ascula  in  essential  pointi  I 
(Figs.  182,  183,  p.  68).  The  uniaxial  outline  of  the  ascol*  I 
and  the  gastrula  ia  usually  retained  by  the  Sponges,  whilfl  I 
in  moat  Sea-nettles  (AealepluB)  tranaverse  axes  have  been  ] 
dilTereinliat^d  In  the  course  of  further  evolution,  thiis  giving 
rise  to  a  characteristic  radiate  structure  with  a  pyrainidal  1 
general  outline. 

In  distinction  from  this  predominant  ra^Hate  outline  of  I 
Flaat-animals,  a  marked  bilateral  general  outline  is  de-  I 
veloped  from  the  first  in  the  second  oSshoot  from  the  j 
gaatrula,  in  the  Worms.  As  the  radiate  form  is  marked  by 
adaptation  to  an  adherent  mode  of  life,  so  is  the  bilat«nl 
form  by  adaptation  to  certain  definite  acts  of  free  loco- 
motion. The  coniitant  direction  and  carriage  of  the  bwiy 
which  would  bo  maintained  in  this  mode  of  free  locomotion, 
conditioned  the  two-sided,  or  bilateral  outline  of  the 
symmetrical  Worms.  Even  the  parent-form  of  the  latter, 
the  Primitive  Worm  (Prot/ielmia)  must  have  acquired  this 
ciiaracter,  and  thus  have  become  distinguished  &om  the 
uniaxial  parent-form  of  tlie  Plant- animals.  In  thia  simple 
mec)ianica1  impetus,  in  the  defined  free  locomotion  of  the 
Worms,  on  the  one  hand,  and  in  the  stationary  mode  of 
life  of  the  earliest  Plant-animala  on  the  other,  we  must  look 
for  the  ellicient  cause  which  produced  in  the  one  the  bi- 
lateral or  two-sidetl.  in  the  other  the  radiate  outlyie  of  the 
body.  The  former,  the  bilateral  outline,  has  been  injierited 
by  the  hunmn  race  from  the  Worms. 

Except  tlirough  the  Gsstnea,  the  common  parent^fntm 
of  Plant-animals  and  Worms,  the  human  race  b,  therefore, 
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Dot  related  to  the  Plant-animals.  It  will  be  our  next  task 
fco  constiler  more  closely  the  pedigree  of  Man  in  so  far  as 
it  ooiaciJes  with  that  of  the  Wonns.  Let  us  examine  how 
fiir  the  Cumparative  Anatomy  and  Ontogeny  of  Worms 
justify  us  in  looking  among  the  latter  for  primieval  ancestors 
nf  V'ertehrates,  and  therefore  of  Man.  For  this  end  we  must 
firet  consider  the  zoological  system  of  Worms,  In  accord- 
ance with  the  most  r«cent  investigations  of  the  CoiniminUve 
An&tomy  and  Ontogeny  of  Worms,  we  divide  (wiiliLiut 
reference  to  the  many  and  various  peculiarities  of  t)ie 
numerous  separate  classes,  which  in  this  place  do  not 
interest  us)  the  wliole  maas  of  forms  within  this  tribe 
into  two  large  main  groups.  The  first  main  grttup,  which 
we  call  Bloodless  Worms  (Acadomi),  comprehends  the 
evlicr  division  of  the  lower  Worms,  which  have  no  tnie 
tody-cavity,  no  system  of  blood-vessels,  no  heart,  no  blooil, 
— in  short,  none  of  the  parts  connected  with  this  oigan< 
tyatera.  The  second  main  gioup,  on  the  contrary,  calk-d 
Blo(xl-wonns  (CwloTiiati),  are  distinguished  from  the  foniier 
lijr  the  possession  of  a  true  body-cavity,  and  also  by  tlie 
pfrsenee  of  a  blood-like  fliud,  which  fills  this  cavity; 
most  of  them  also  develop  special  blood-vessels,  which 
Again  canse  fiirtber  correlated  advances  in  structure.  The 
relation  of  these  two  main  groups  of  Worms  is  very  evi- 
dimtly  phylogenetic.  The  Accelomi,  which  arc  very  nearly 
■Hied  to  the  Gastnps  and  the  Plant-animals,  are  to  be 
regardi^d  as  an  earlier  and  lower  group,  froiu  which  the 
more  recent  and  higher  division  of  the  Ctelomati  devolo|}ed, 
perliapH  towards  the  end  of  the  Laurcntian  Period. 

Wu   will   first  carefully   examine   the   lower  group   of 
Wmns,  the  Aooelomi,  among  which  we  must  look  for  the 
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sixth  imcestral  stage  of  the  human  lace,  the  stage  Imme- 
diately following  the   gaatrula.      The    name  "  Acoelomi " 
sigm6ea  "  Worma  without  a  body-cavity,  or  cosloma,"  ao'l 
therefore  without  blood,  or  vascular  system.     The  extant 
Acceloini  are  generally  included  in  a  single  class,  which,  on 
account  of  their  flattened  bodies,  are  called   Flat-wonni  1 
(Platlielminthes).     To  this  class  belong  the  Gliding-wornu  ' 
(Ttirbellaria),  which  live  independently  in  the  water;  also 
the   parasitic  intestinal  Sucking-worms   {Tremaioda),  and 
the  Tape-worma  (Gestoda),  which  have  become   yet  moro 
degraded  by  parasitiam.     The  phylogenetic  relations  of  the 
three  forms  of  Flat-worms  are  very  evident;  the  Sucking- 
worms  originated  from  the  free  Gliding-worms  by  adaptation    i 
to  a  parasitic  mode  of  life ;  aud,  by  a  yet  more  completely  | 
l>arasitic  life,  the  Tape-worms  originated  from  the  Sucking-  ' 
worms.     These  are   striking   examples    of    the    gradually 
increasing  degeneration  of  the  most  important  organs. 

In  addition  to  these   well-known   extant  Flat^worms. 
groat  numbers  of  other  Accelonii  must  have  lived  during   , 
the  Archilithic   Epoch,  which  in  general  form  were  veiy 
much  like  those  of  the  present   day,   but   were,  in  some  ] 
respects,  yet  more   simply  organized,  and   were,  in   tbetr  1 
lowest  stages  of  development,  immediately  connected  with 
the  Oastrseads.     The  whole  of  these  lowest  Accelomi, 
which  the  common  parent-form  of  the  whole  Worm  trib( 
(the  Prothdviis)  must  have  been,  may  be  classed  as  'Trim 
live  Worms"  {ATcJielmintluis), 

The  two  classes  of  tlie  Acoelomi,  the  Primitive  Worm*  I 
and  the  Flat-worms,  represent  in  their  external  form  the  I 
simplest  bilateral  condition  of  the  animal  body, 
body  is  a  simple   oval,  usually  somewhat  flattened,  wtUi 
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nut  any  appt-ndnge  (Figs.  184,  185).  The  dorsal  side  of 
the  leaf-like  body  differs  firom  the  ventral  aide,  on  whic)) 
the  Worm  creeps.  Accordingly,  even  in  these  most  simple 
WoTTDS  there  are  the  three  definite  axes  which  mark  the 
bilateral  type-form,  and  which  re-occur  in  the  human 
body  and  in  that  of  all  higher  animals :  (1)  a  longitudinal 
ftxifl  (main  axis),  which  passes  from  front  to  rear;  (2) 
ft  lateral  axis,  parsing  from  right  to  loft ;  and  (3)  a 
sagittal  axis,  parsing  fi-oin  the  dorsal  to  the  ventral  aurfiiee. 
(Ct  voL  L  p.  257.)  This  so-called  sj-mmetrical  or  "  bilateral" 
arrangement  of  tlie  outline  of  the  body  is  simply  the 
mechanical  result  of  adaptation  to  a  creeping  form  of  loco- 
motion, during  which  one  end  of  the  body  is  always  directed 
funvarda  The  geometric  outline  of  the  gastrula,  as  of  the 
aacula,  has  bat  one  axis  with  unequal  poles  (MoTiaxonia 
dil'lo/iota).  Tlie  typical  outline  of  Worms,  as  of  Vertebrates, 
13,  oo  the  contmry,  bilateral,  with  tranverse  axes  (^Stau- 
iTuconia  dipleuTii)}** 

The  whole  out«r  surface  of  the  Glidin^-worma  (Turhd- 
laria)  b  covered,  as  in  the  gastrula,  with  a  thick,  fine 
e!liate<)  coat ;  that  is,  with  a  fur- like  covering  of  extremely 
Goo  ant)  close  microscopic  hairs,  which  are  direct  processes 
of  the  uppermost  cells  of  the  epidermis,  and  maintain  an 
iiuintcn-nptcd  whirling  or  vibratory  motion  (Fig,  184,/), 
The  constant  vibrations  of  these  cilia  cause  a  continued 
it  uf  water  over  the  surface  of  the  body.  Fresh  vaU^i 
itJy  conveyed  to  the  surface  of  the  skin  by  this. 
tlms  permitting  respiration  in  its  simplest  foim  (skiti- 
ion).  A  similar  ciliated  covering,  just  aa  is  seen  in 
'fiw  extant  Gliding-worms  of  our  fresh-water  seas,  pre- 
■nmabj^  covered  our   extinct   ancestors   of  the   Primitive 
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Worm    group,   the    A  rdielminthea.      They    inherited    Uiij 
ciliated  dfcss  directly  from  tlie  Gaatttca.. 

If  we  now  make  various  vertical  sections  (longitudj 
and  transverse)  through  the  simple  body  of  tlie  Gliding- woi 
fond  that  of  the  ATclietmintkes  which  are  certainly  vei^ 
cIiBcIy  allied  to  the  former),  we  soon  discover  that  their 
internal  structure  is  considerably  higlier  than  that  of  tin 
Gastrseads.  We  first  observe  that  the  two  primary  gena 
layers  (inherited  from  the  Gastnea)  have  differentiated  inl 
several  cell-strata.  The  skin-layer  and  the  intestinal  layei 
have  each  split  into  two  strata.  The  four  secondary 
layers,  which  are  thus  produced,  are  the  same  that  we  found 
resulted  &om  the  first  differentiation  of  the  two  primarj 
germ-layers  in  the  embryo  of  the  Vertebrate  also.  (Cf  ths 
transverse  sections  through  the  larval  Amphioxns  and 
Earth-worm,  Figa  50  and  51,  p.  330.  and  Plate  IV.  Fig.  2; 
Plate  V.  Fig.  10-) 

The  higlily  important  histological  differenttatioD  of  these 
four  secondary  germ-Iayei-s  led  directly  to  further  organolo- 
gicol  processes  of  d ii te rent iat ion,  by  which  the  organism  of 
the  Primitive  Worms  was  soon  cousiderably  raised  abova 
that  of  the  Gastrteada.  In  the  latter  there  was  really,  in 
a  morphological  sense,  but  a  single  organ,  the  primitive  lDt«»- 
Une,  with  its  mouth -opening.  The  whole  body  was  notl 
but  an  intestinal  canal ;  the  intestinal  wall  was  at 
same  time  the  wall  of  the  body.  Of  the  two  cell-la; 
forming  this  intestinal  wall,  the  inner  accomplished 
functions  of  nutrition,  t)ie  outer  those  of  motion 
covering.  As  some  of  the  cells  of  the  primary  genu" 
developed  into  egg-cells,  and  others  into  sperm-cells,  tl 
layers  also  performed  the  function  of  reproduction. 
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Primitive  WonnB,  however,  simultaneously  witt  the  ibrma- 
tion  of  the  secondary  germ-layera,  these  various  functions 
also  b^iut  to  be  distributed  to  various  organs,  which  detached 
ves  from  the  original  main  organ,  the  primitive  in- 
Special  organs  originated  for  reproduction  (sexual 
glands),  for  secretion  (kidneys),  for  motion  (muscles),  and 
for  sensaUon  (nerves  and  sense-organs). 

In  order  to  obtain  an  approximate  picture  of  the  sim- 
plest form  in  which  all  these  various  organs  first  appeared 
in  th«  Primitive  Worms,  it  is  only  neceaaary  to  examine 
the  most  imperfect  forms  of  Gliding-worms  {TurbeHaria),  as 
thty  exist  at  the  present  time  in  salt  and  fre^h  water.    They 
mre  mostly  ver}'  small  and  insignificant  Worms  of  the  simplest 
{(•rm,  many  being  scarcely  a  millimetre  or  a  few  millimetres  in 
Irtiyth,    In  the  simplest  specieaof  Gliding-worms  the  gieater 
part  of  the  oval  body  is  occupied  by  the  intestinal  canal. 
This  is  a  very  regularly  shaped  pouch  with  an  opening,  re- 
pn^spoting  both  mouth  and  anus  (Fig.   184,  to).     At   the 
inUrriur  si'ction  of  the  intestinal  tube,  which  ia  separated 
u  a  tliroat  {pharynx,  sd),  the  fibrous  layer  is  very  thick, 
» thick  muscular  layer.     Immediately  outside  the  intestinal- 
fibroua  layer  lies   the   skin-fibious  layer,   which    in    most 
wunna  appears  as  a  large   skin-muscle   sac.      Above   the 
throat  in   Qliiling-worms  a  nerve  system  of  the  simplest 
(otm  is  already  visible   in   front,  a  pair  of  small   nerve- 
koota,  or  ganglia,  which  from  their  position  are  called  tlie 
°D|(per  throat  ganglia,"  or  "  brain  "  (Fig.  185,  jf).     Delicate 
ORTe-Uireadu  (n)  pass  from  this  Uj  the  muscles  and  to  the 
tiliitcd  likin-scnsory  layer.     A  pair  of  quit*  simple   eyes 
(uvjand  Dooe-pits  (no)  are  to  be  found  in  a  few  Gliding- 
*aiiis.   The  Flat-womu  are  also  universally  provided  with 
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primitive  kldn«y  canals  in  the  vertebrate  embryo 
ftlso  appeared  at  a  very  early  period,  shortly  after  the  first 
di&erentiiition  of  the  middle  germ-layer  (mcBodcrma).  The 
apj>earance  of  these  at  so  early  a  pciiad  siiows  tJiat  the 
kidneys  are  very  important  primordial  organa.  It  also 
shows  their  universal  existence  in  all  Flat-worms  ;  for  even 
the  Tape- worms,  which,  in  consequence  of  the  adoption  of  a 
p«nsitic  mode  of  life,  have  lost  the  intestine,  yet  have  the 
two  secreting  primitive  kidneys,  or  "  excretory  ducts."  The 
letter  8e«m,  therefore,  to  be  older  and  of  greater  physiologi- 
cal importance  thaa  the  blood-vessel  system,  which  is  wholly 
Wanting  in  the  Flat-worms.  The  sexual  oi^ns  appear 
in  many  of  the  Gliding-worms  in  a  very  complex  form : 
while  in  others  their  form  is  very  simple.  Most  of  them 
are  hermaphrodites;  that  is,  each  individual  worm  has 
both  male  and  female  sextial  organs.  In  the  simplest 
forms  we  find  a  testis  in  the  anterior  pait  (Fig.  185,  k), 
a  single  or  double  ovary  behind  (a).  One  of  these  simplest 
existing  Accelomi,  such  as  we  find  among  the  lowest  Rhab- 
doccela,  may  give  us  an  approximate  idea  of  the  structure 
of  the  Primitive  Worm,  which  forms  the  sixth  stajje  in 
the  human  pedigree. 

These  ancestors  of  the  human  race,  which,  on  account 
of  their  general  organization,  must  be  placed  among  the 
Bloodless  Worms  (AccBlomi).  must  have  been  represented 
daring  the  Archilithic  Epoch  by  a  large  number  of  various 
Worm  forms.  The  lowest  of  these  must  have  been  directly 
connected  wi&  the  GastnEads  (tlie  fifth  ancestral  stage);  the 
iQost  highly  developed  must,  on  the  other  hand,  have  been 
directly  connected  with  the  Coilomati  (the  seventh  stage), 
A*,  however,  our  present   knowledge   of  the  Comparative 
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Anatomy  and  Ontogeny  of  the  Accelomi  ia  veiy  fiagmi 
taiy,  and  much  too  imperfect  to  enable  U8  to  point  ■> 
certainty  to  the  series  of  the  various  stages,  we  will 
attempt  a   detailed  arrangement  of  them.     We  will   tui 
instead  to'tJie  seventh  stage  in  the  human  pedigree,  whii 
belonged   to   the   multiform  group    of   the   Blood-bearing 
Worms  (Ctxlomati). 

The  great  organic  advance  in  structure  by  which  tha 
Blood -bearing  worms,  or  Cielomati,  developed  from  the 
older  Bloodless  Worms,  or  Acrclomi,  consisted  in  the  for- 
mation of  a  body-cavity  (cceloma),  and  of  a  nutritive  juicft 
filling  the  latter,  the  first  blood.  All  the  lower  animab 
with  whicJi  we  have  yet  occupied  ourselves  in  our  Phy- 
togeny, all  the  Primitive  Animals  and  Plant-animals,  are, 
like  the  Accelomi,  bloodless  and  without  a  body -cavity.  In 
the  formation  of  a  special  vascular  system,  the  earliest 
Cvjelomati  made  a  very  great  advance.  Much  of  the  com- 
plexity in  the  organic  structure  in  the  four  higher  tribes  of 
animals  is  based  on  the  differentiation  of  the  vaaculir 
system,  which  they  have  inherited  from  the  Blood-bearing, 
Worms. 

The  first  development  of  a  true  body-cavity  (( 
is  referable  to  the  separation  of  the  two  fibrous  layers 
the  formation  of  a  spacious  cavity  between  the  outer  ski 
fibrous  layer  and  the  inner  intestinal-fibrous  layer.  In 
tis8ure-like  gaps,  wliich  formed  between  the  two  gerra-layi 
a  juice  collected,  which  penetrated  through  the  int«s( 
wall  This  juice  was  the  Brst  blood,  and  the  gaps  betw< 
the  two  germ-layers  formed  the  first  rudiment  of  the  bodj 
CAvity.  The  union  of  these  gaps  formed  the  simple  cceli 
the  large  cavity,  containing  blood  or  lymph,  which  plays 
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boportoiit  B  part  in  all  the  higher  animals  as  the  recept&ole 
if  the  very  extensive  iatestinea.  The  formation  of  this 
Kelom,  and  of  the  blood-vessels  developed  in  connection  with 
%,  esercisied  a  very  great  influence  on  the  further  evolution 
If  the  animal  organization.  The  most  important  result  was, 
ttat  it  allowed  the  conveyance  of  rich  nutritive  juices  to 
hose  parts  of  the  body  lying  near  the  circumftrence,  and 
leveloping  at  a  considerable  distance  from  the  intes- 
inal  canaL  The  intimate  correlation,  or  reci])rocity  of  the 
larta,  neceasarily  occasioned,  in  direct  connection  with  the 
K^reesive  development  of  the  blood-vessel  system,  many 
tber  important  advances  in  the  structure  of  the  body  of 
be  Blood-bearing  Wonus. 

Just  aa  among  the  Accelomi,  so  also  among  the  Co^Iomati, 
[le  pedigree  of  onr  race  must  have  passed  through  a  large 
nmber  of  diverse  ancestral  stagea  But  among  e&tant 
Ibelomati  (which  form  but  a  very  small  fraction  of  this  once 
mltiform  group),  there  are  but  very  few  Worms  which  can 
lith  ceriitunty  be  regarded  as  nearly  allied  to  the  long- 
ninct  ancestors  of  Man.  In  this  respect,  but  a  single 
lus  of  Cffilomati  is  really  of  prominent  importance ;  tliese 
we  the  Mantled  Animals  (Tunicala),  to  which  belong  the 
bddia  already  known  to  us.  Our  careful  examination  of 
Bie  itructure  and  germ-history  of  the  Ascidian  and  the 
imphioxua  have  shown  the  extreme  importance  of  these 
*ety  interesting  animal  forms.  (Cf  Chapters  XIII.  and 
3nV.)  That  examination  fully  justifies  ua  in  asserting 
fliit  among  the  ancestors  of  the  Vertebrates  (and  therefore 
.tf  Man)  there  waa  an  unknown  extinct  ccuiomate  species, 
*o  which  the  nearest  allied  form  among  extant  aniiieJs  ia 
tt«  Appcndicularia  (Fig.  187),  of  which  we  have  already 
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spoken,  and  the  tailed  Ascidian  larva.  We  will  fur  the 
present  call  this  kind  of  Worm,  which  was  primarily  dis- 
tinguished by  the  possession  of  &  notochord,  the  Cfaorda- 
animal  (Chordonium).  The  Ascidians  on  the  one  hand,  and 
the  Vertebrates  on  the  other,  developed,  as  two  diverging 
branches,  from  these  Chorda-animals.  The  common  parent- 
form  of  the  Chorda- animals  themselves  was  a  coelomate  form, 
which  finally  most  have  descended  from  the  Accelomi,  and 
from  the  Archelminthes.  I 

Many  connecting  intermediate  forms  must,  of  course,  hava 
existed  between  these  two  groups  of  Worms,  between  the 
1  Primitive  Worms  and  the  Chorda-animaK     Unfortunately, 
however,  zoological  knowledge  is  at  present  especially  im- 
perfect with  regard  to  these  important  intermediate  forma 
of  the  multiform  Worm  tribe.     For  very  evident  reasons, 
none  of  these  Worms  could  leave  fossil  remains.     For,  like 
the  great  majority  of  other  Worms,  they  had  no  hard  paiti  I 
in  their   bodies.     Moat  even   of  the  known  fossil  Wormi-J 
are  worthless,  for  they  tell  us  tittle  or  nothing  of  the  most  ii 
portant  structural  features  of  the  soR  body.     Fortunatelj] 
however,  we  can  in  great  measure  satisfactorily  fill  the  c 
siderable  pal^ontological  gap  in  this  part  of  our  pedig 
with  the  help  of  the  Com]>arative  Anatomy  and  Ontogeny  fli 
Worms.    If,  on  the  one  hand,  we  examine  the  structure  a 
mode  of  development  of  the  lower  Worms  from  the  Glidin 
Worms  (^Turbellaria),  and,  on  the  other  hand,  the  Anato 
and  Ontogeny  of  the  Ascidians,  it  is  not  ditlioult,  step  I 
step,  to  re-construct  in  imagination  the  connecting  int« 
mediate  forms,  and  to  msert   a  scries  of  extinct  ancostr 
forma  between   the   Acnelomi   and   the   Cliordonia. 
series  of  forms  under  the  name  of  Soft-worms  {Scolecidi 
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we    will  consider  as    the    seventh    stage    in    the    human 
peiligree. 

An  examination  of  the  Comparative  Anatomy  of  the 
vsnous  Scolecid  forms,  which  we  might  perhajw  distinguish 
here,  would  lead  us  much  too  far  into  the  difficult  details 
of  the  Comparative  Anatomy  and  Ontogeny  of  the  Worms. 
For  oar  purpose  it  seems  mure  important  to  call  attention 
to  those  phylogenetic  advances,  by  means  of  which  the 
organization  of  the  earliest  Blood-bearing  Worms  waa  in 
the  end  elevated  to  tiiat  of  the  Chorda-animals.  The  Com- 
par&tire  Anatomy  and  Ontogeny  of  the  GliJing- worms 
&nd  of  the  AsciJians  justify  us  in  giving  special  weight  to 
the  agni&cant  diffi-rentiation  of  the  intestinal  canal  into  two 
distinct  divisions ;  into  an  anterior  division  (the  gill-iutes- 
tioe),  which  accomplishes  respiration,  and  a  posterior  divi- 
sion (the  stoniach-inteatine),  wliich  accomplislics  digestion. 
Am  in  Gastneads  and  Primitive  Worms,  so  also  in  the  Ascidian 
Um,  the  intestinal  canal  is  at  first  a.  simple  pouch-like 
body,  provided  merely  with  a  mouth-opening,  A  second 
opening,  the  onus,  does  not  develop  till  a  later  period,  Gill- 
openings  afterwards  appear  in  the  anterior  section  of  the 
intestinal  canal,  by  which  the  whole  anterior  intestine  is 
tranflformed  into  a  gill-body  This  remarkable  arrange- 
ment IB^  as  we  found,  quite  peculiar  to  Vertebrates,  and, 
except  in  the  Ascidians,  occurs  nowhere  else.  Among  extant 
WorroB  there  is,  however,  a  single  isolated  and  very  remark- 
able Worm  form,  which  in  this  respect  may  be  regarded 
aM  distantly  allied  to  the  Ascidia  and  to  Vertebrates,  anil 
perhaps  aa  an  ofT-sboot  from  the  Soft-worms  {ScoUdda). 
Tliia  is  the  so-called  "Acorn-worm"  {Balanoi/lossu^,  Fig. 
•■IM]»  wbiob  Uv«B  in  the  mad  of  the  m»-«W«w     The  in- 
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tcresting  points  connecting  this  with  Aacidi&iu  and  tha 
Skull'less  Animabi  (^crania) 
were  first  accurately  observed 
and  explained  by  Gegenbaiir.  AU 
tliotigh  this  singular  Balanoglossta 
is  in  many  other  respects  peculiar 
in  its  organization,  so  that  Gegea* 
baur  rightly  ranked  it  as  the  re- 
presentative of  a  special  diA 
{EnteropTieusta).  yet  the  stnictttrs 
of  the  anterior  section  of  the  in- 
testinal tube  is  exactly  similar  to 
that  of  Ascidians  and  SkuU-li 
Animals  (k),  a  gill  body,  the  walk 
of  which  are  pierced  on  either  nda 
by  gill-openings  and  are  supported 
by  gill-arches.  Now,  although  tbt 
Acorn-worm  in  other  points  of  iti 
structure  may  differ  very 
siderably  Irora  those  extinct  Soft- 
worms  {ScoleciJce),  which  we 
regard  as  direct  ancestora  of 
race,  and  as  intermediate  Hi 
between     the    Primitive    W( 

Fto.  186.— A  jonng  Aco 
(liH)j(o«tii).       (After    Alrint 
r,  soorti-like  probosciai    K,  colLorj 
o|ieTiin^  sjii]  gsU-sroheB  of  the  uiWrior  Hl^'fl 
teMiQe,  in  a  luDg  row  one  betund  m. 
oa  ekch  lido;  d,  digtsLiro  pwtoricr  ial 
line,  nilinff  the  greoler  part  of  Uia  b 
niilfl  V,  mtoetinnl   rcaael,   Ifing   I 
two  punllol  tolilii  ul  kkiD  t  ^  aaiu. 
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and  the  Cborda-aaimals,  yet,  in  virtue  of  this  charactenBtio 
structure  of  the  gill-inteatiue,  it  may  be  considered  a  re- 
motely allied  collateral  line  of  the  Suft-worms.  The 
development  of  an  anus  (Fig.  IS6,  a)  at  the  cud  opposite 
to  the  mouth,  is  also  a  considerable  advance  in  the  struu- 
tore  of  the  intestine.  The  f\irther  development  of  the 
Uood-vessel  ^stem  in  the  Acom-worm  also  indicates  a 
tnarked  advance.  In  the  ciliary  suiface  of  the  skin,  on 
the  contrary,  it  recalls  the  Gliding-worma.  The  sexes  are 
separated,  while  our  scolecid  ancestors  were  probably 
hermaphrodite.'" 

From  a  branch  of  the  Soft-worms,  the  group  of  Chorda- 
ammala  (Oiordoniu).  the  common  parent-group  of  the 
lUotle-animala  and  Vertebrates  also  developed.  The  process 
which  primarily  led  to  the  development  of  this  important 
group  of  the  ccelomati,  was  the  formation  of  the  inner 
axial  skeleton  (the  notochord,  or  chorda  dorsalia),  which 
at  the  present  day  we  find  permanently  retained  in  its 
simpleat  form  in  the  lowest  Vertebrate,  the  Amphloxus. 
We  saw  that  this  notochord  is  already  found  in  the  tailed 
and  firee-swimming  larva  of  the  Ascidian  (Plate  X.  Fig,  5). 
Th«  chorda  does,  indeed,  Hcrve  specially  as  a  support  for 
th4  ntdder-like  tail  of  the  larval  Ascidian,  but  its  anterior 
extremity  passes  in  between  the  intestinal  and  medullaiy 
tabes  within  the  actual  body  of  tlie  larva.  A  transverse 
•action  of  this  larva  therefore  shows  that  arrangement  of 
the  most  important  organs  which  is  characteiiatic  of  tha 
rartobrate  type :  in  the  centre  is  the  firm  notochord,  which 
•opports  the  other  organs  and  serves  especially  as  a  base 
and  point  <tf  attachment  (or  the  motive  trunk  muscles; 
«bove  tliis  notochord,  on   the   dorsal  side,  is   the   central 


83  THE   EVOLUTION   OF  MAN. 

ncrvoUB  system  in  the  form  of  a  medullary  tube ;  below,  on 
the  ventral  side,  is  the  intestinal  tube,  the  anterior  half  ot 
which  is  a  respiratory  gill-intestine,  its  posterior  half  i 
digestive  stomach-intestine.  It  is  true  that  the  free* 
ewimming  larva  of  the  extant  Ascidian  possesses  this  typical 
vertebrate  character  only  for  a  short  time;  it  soon  relSn- 
quisiies  its  free  roving  mode  of  life,  puts  off  its  oar-like  tail 
with  the  notochord,  adheres  to  the  bottom  of  the  sea,  i 
then  undergoes  that  very  great  retrogression,  the  surpmii^ 
final  result  of  which  we  have  already  observed  (Chapten 
XIII.  and  XIV.).  Nevertheless,  the  Ascidian  larva,  in  ita 
very  transitory  evolution  (for  a  brief  space),  afforda  ua  t 
picture  of  the  long  extinct  Chordona-form,  which  must 
be  regarded  as  the  common  parent-form  of  Mantle-animal 
and  Vertebrates.  There  is  even  yet  extant  a  small  and 
insignificant  form  of  Mantle-animal  which  throughout  lifil 
retains  the  structure  of  the  Ascidian  larva  with 
like  tail  and  its  free-swimming  mode  of  life,  and  whidi 
•  reproduces  itself  in  this  form.  This  is  the  remarb 
[  able  Appendicularia  {Fig.  187),  which  we  have  alrcad] 
examined. 

If  we  ask  ourselves  what  conditions  of  adaptation  couU 
possibly  have  had  so  remarkable  a  result  as  the  deveIo|H 
Rient  of  the  notochord,  and  the  modification  of  a  brand 
of  the  Soft-worms  into  the  parent-form  of  the  Chortbi 
animals,  we  may  with  great  probability  answer,  that  thi 
result  was  effected  by  the  habituation  of  the  creeping 
Soft-worm  to  a  swimming  mode  of  life.  By  energetic  a 
continued  swimming  movements,  the  muscles  of  the  truall 
would  be  greatly  developed,  and  a  strong  internal  point  c 
attachment  would   be   very   iavourable   to    this   musculM 
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sctivity.  A  support  of  this  kind  might  arise  ty  enlarge- 
ment And  concrescence  of  the  germ-layers  along  the  longi- 
tudinal iLxia  of  the  body;  and  the  differentiation  of  an 
independent  bony  cord  from  this  axial  cord  gave  rise  to  the 
notochord.  (Cf  Fig.  88,  89,  vol.  I  pp.  300,  SOI.)  In  corre- 
iBtion  to  the  formation  of  this  central  notochord,  the  simple 
nerve-ganglia,  lying  over  the  throat  in  the  Soft-worms, 
lengthened  into  a  long  nerve-cord,  reaching  from  front  to 
rear,  above  the  notochord ;  in  this  way,  the  medullary  tube 
originated  from  the  "  npper  throat  ganglia." 

As  we  have  already  minutely  considered  the  great 
Btgnificance  of  the  Ascidians  (Fig.  183)  in  this  respect,  as 
well  as  their  close  relations  to  the  Amphioxus  (Fig.  189), 
■we  will  not  tarry  longer  over  this  point  now.  I  will 
repeat,  that  we  must  by  no  means  regard  the  Ascidisn 
aa  the  direct  parent-form  of  the  Amphioxus  and  of  the 
other  Vertebrates.  On  the  contrary,  we  assert  that,  on 
Uie  one  hand  the  Ascidians,  and  on  the  other  the  Ver- 
li;bntt«3,  have  both  descended  from  one  unknown 
Worm  form,  which  has  long  been  estinct ;  the  nearesf 
relatives  of  this  among  existing  animals  are  the  Ascidiai' 
larrge  and  the  Appendicukria  (Fig.  187).  This  unknown 
oommoQ  parent-form  must  have  belonged  to  the  group  of 
Chorda-animals,  which  we  pointed  out  as  the  eighth 
ancestnd  stage  in  the  human  pedigree.'"  Although  we 
form  an  entirely  satisfactory  idea  as  to  all  points 
and  internal  structure  of  this  ChorJa-animal, 
0  doubt  that,  like  ita  near  relatives,  the 
itmals,  and  like  the  preceding  ancestral  stage 
ipttsented  by  the  Soft-worms  and  Primitive  Worms,  it 
ilHt  be  daauiled   in   the   natural  system   of  the   animal 
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kingdom  as  a  genuine  Worm.     The   difference  Letweeii  il 
and  other  genuine  Worms  cannot  have  been  greater  than  is 


V  Fio.  167. — Appcn[!jtDlitri&,  Been  from  tbe  left  aide  i  m,  mcntli;  k,giU> 
intestinei  o,  iEiiophB);uB ;  v,  Blomncbi  a,  umai  n,  nerT«-gBDg1i>  (nppat 
throat>kni>ta) ;  g,  ear-Teaicle ;  /,  ciliated  gtoan  nader  tba  giU  t  K  Iwwt  i 
1,  te>tei  i  «,  OTB17  ;  e,  notochord  j  f ,  taiL 

Tia.  1B3, — Etmctare  of  bd  Aacidian  (aeen  from  the  htt,  m  la  tig.  ISI 
and  Tig.  14,  Plate  XI.):  >!>,  gill.aao;  «,  Btomacb;  i,  large  inteitinei  e, 
beart)  t,  tentei;  vd,  seed  da  ct  g  <>,  OTat^  |  0',  Diatared  eggs  in  tba  bodyi 
oikvUr.    <Af  bee  Hilue  EdwanU.) 
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the  ^fference  between  the  extant  Tape-worms  and  RingeJ 

Vrnm  {Annelida).     Moreover,  in  a  certain  sense  we  may 

regard  the  extant  Appcndlculai'ia  as  a  last  remnant  of  the 

rhordonia  clasa. 

We  have  now  studied  the  most  import- 

utinimal  forms  wliich  occur  in  the  pedi^i't'e 

uf  the  human  race,  and  which,  in  the  zoo- 

Ii^cal  system,  must  be  classed  among  the 

Womu.     In  leaving  this  lower  class,  and 

trsciiig  oar  ancestry  lienceforth  exclusively 

*ithin  tha   veitcbrate    tribe,  we   at  once 

'care  behind  the  great  majority  of  animal 

furms,  which  branched  off  from  the  worm 

tribe  in  entirely  different  directions.    When, 

in  «  previous  chapter  (IX.),  the  vertebrate 
nature  of  man  was  proved,  it  was  incidentally 
iiieationed  that  the  very  great  majority  of 
unimalfl  are  in  no  way  directly  allied  to  our 
tribe.  The  parent-forms  of  the  three  other 
higher  Animal  tribea.the  Articulated  Animals 
(Arihropoda),  Star-animals  (Ecfiinoderma), 
SoU-bodied  Animals  (MoUwca),  like 
tho    vertebrate  tribe,   originated  from   the 

Till.  iW.—LuK»\et(Amphi'>auM  lanernlatiu)  lw<ce 

r  >etlul  ains,  leoa  fh>m  tbe   left    (tlia  loiigiLninml 

■  !■  npnnentBd  Tartimll}',  tlie  Diouth  lumeit  np- 
ir*fd,  tb«  tall  dnimwrtnl,  m  la  PliUe  XI.  P'g  ITi) - 
oo^i-e^ninir.  nuTDDadrd  b;  nllU  ;  b.  nnal  oyen, 
■ad  I  *|  *ralnil  oixming  (Pant  abdommalii)  1  d,  gi'il. 
bcdyi    a,   Woinauh;    /,    liror-rcBoimi ;     3,    iHTga    intvB- 

il   k,  ooilaiu'.  (,  Dotocbnrd   (uniler  it    tlio  korln)  1 

irdiaa  of  (ho  mortA  i  I,  mnia  glUnrlniy  ;  m,  eitvUiag* 

iu  btkuobHi  n,  hullo*  Tomt  0,  iDto«(j>al  rain. 
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worm  tribe;  but  the  parent-form8  of  the  three  fonner 
belong  to  wona-groupa  quite  distinct  from  that  of  tha, 
Chordonia,  It  is  only  far  down  at  the  common  root  of  the 
group  of  Coeloniati,  that  we  assume  a  common  source  fti 
these  various  tribal  forms.  (Cf.  Tables  SVIH.  and  XIX.) 
It  is  especially  necessary  to  remember  that  thore  is  IM 
direct  blood-relationship  between  Vertebrates  and  Artica- 
lated  Animals. 

The  Articulated  Animals  (Artkropoda),  to  which  thd 
most  comprehensive  of  all  classes  of  animals,  that  of  Insect^ 
and  also  the  Spiders,  Centipedes,  as  well  as  the  Crabs,  or 
Crustaceans,  belong,  are  descendants  of  articulated  Wonn.% 
the  nearest  allies  of  which  are  the  extant  Ringed  Wonna  ■ 
(Armelida).  The  tribe  of  Star-animals  {Eckinoderma),  I 
which  includes  the  Star-Sshes,  Sea-lilies,  Sea-urchins,  sad  1 
Sea-cucumbers,  must  also  have  descended  from  similar  articu- 
lated Worms.'"  The  parent-form  of  the  Soft-bodied  Aninfiah 
(Mollu3ca),  which  include  the  Cuttles,  Snails,  Mussels,  and 
Lamp-shells,  must  also  be  sought  among  the  Worms.  Bui 
the  Coelomati,  from  which  these  three  higher  animal  tribes 
originated,  differed  entirely  in  character  from  the  Cborda- 
animala  Unlike  the  latter,  they  never  developed  a  noto- 
chord.  In  them,  the  anterior  section  of  the  intestinal  tobt 
was  never  modified  into  a  gill-body  with  gill-openings;  nor 
were  the  upper  tliroat-gangtia  developed  into  a  mcdnllai^r 
tube.  In  a  word,  in  Articulated  Animals,  Star-animals,  and. 
Soft-bodied  Animals,  as  welt  as  in  their  ancestors  am< 
the  Blood-bearing  Worms,  the  typical  structural  peculiai 
ties  which  are  exclusively  characteristic  of  the  vertebral 
tribe  and  of  their  immediate  invertebrate  progenitors,  w« 
never  present.     Thus  the  great  majority  of  all  a.Tiinialfl 
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in  no  way  the  sabject  of  our  further  investigatifins,  wliich 
mre  only  concerned  with  the  Vertebrates. 

Th«  development  of  the  Vertebrates  from  the  Inverte- 
bmles  most  nearly  related  to  them,  the  Chord  a- Animals, 
occurred  millions  of  years  ^o,  during  the  Archilithic  Epoch. 
(Sec  Table  XII.,  p.  11.)  This  is  unmistakably  shown  ly 
the  fact  that  the  most  recent  sedimentary  rock-strata 
which  were  deposited  during  that  immense  period  of  time, 
the  higher  layers  of  the  Upper  Silurian  formation,  contain 
remains  of  fossil  Fishes  (Primitive  Fishes,  Sdacldi).  As 
these  Fishea,  although  they  belong  to  the  lowest  stage  of 
tiie  Skulled  Animals  (Ci'aniota),  yet  possess  a  compara- 
tivdly  high  organization,  and  as  they  must  necessarily  have 
!eded  by  a  long  progressive  aeries  of  lower  Skull- 
'igrtebrat^s,  we  must  attribute  the  origin  of  the  oldest 
-Ices  Animals  (Acrania)  from  the  Chorda-animals  to 
ft  much  earlier  part  of  the  Archilithic  Epoch.  Therefore, 
Dot  only  all  the  invertebrate  ancestors  of  our  race,  but  also 
the  earliest  form  of  our  vertebrate  progenitors  must  have 
developed  in  that  primordial  time,  which  includes  the 
Lftareutias,  Cambrian,  and  Silurian  Periods.  (CC  Tables 
XIII.,  XIV..  and  XVI.,  pp.  12.  19,  44) 

Unfortunately,  Palfeontology  can  give  as  absolutely  no 
information  with  regard  either  to  the  structure  of  our  oldest 
vertebmte  ancestors,  or  to  the  time  of  their  appearance ; 
tor  their  tiodies  were  as  soft  and  as  destitute  of  hard 
porta  capable   of  fossllization,  as   were   the   bodies  of  all 

precodii^  invertebrate  ancestors.  It  ia,  therefore,  not 
■arfnising,  but  quite  natural,  that  we  find  no  fossil 
of  the  former  in  the  Archilithic  fonnations.  The 
Ttabw  in  wliieh  the  soft  cartilaginous  skeleton  was  partly 
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modified  into  hard  bone,  are  the  earliest  Vertebrates  capalU 
of  leaving  petrified  records  of  their  existence  and  structum 

Fortunately,  this  want  is  more  than  counterbalanced' 
by  the  much  more  important  testimony  of  Comparatlfej 
Anatomy  and  Ontogeny,  which  henceforth  form  oat 
safest  guides  within  the  Vertebrate  pedigree.  Thanks  to 
the  classic  researches  of  Cuvier,  Johannes  Muller,  Huxley, 
and  especially  of  Gegenbaur,  we  are  in  possession  of  such 
extensive  and  instructive  records  of  creation  in  this  moat 
important  branch  of  tribal  history,  that  we  can  prove  $t 
least  the  more  significant  features  in  the  development  of  out 
Vertebrate  ancestors,  with  the  most  gratifying  certainty. 

The  characteristic  peculiarities  by  which  Vertebrat«B 
in  general  are  distinguished  from  all  Invertebrates,  engaged 
our  attention  some  time  ago,  when  we  examined  the  structon 
of  the  ideal  Pjimitive  Vertebrate  (Figs.  52-5C,  p.  256).  The 
most  prominent  characters  were  as  follows:  (I)  the  formatioo 
of  the  notochord  between  the  meduUary  and  intestinal  tubes; 
(2)  the  difiercntiation  of  the  intestinal  tube  into  an  anteriot 
gill -intestine  and  a  posterior  stomach-intestine;  (3)  tba 
inner  articulation,  or  formation  of  metamera.  The  Verte- 
brates share  the  first  two  qualities  with  the  larval  Ascidiani 
and  with  the  Chorda-animals ;  the  third  quality  is  entirely 
peculiar  to  them.  Accordingly,  the  most  important  struo- 
tural  advance,  by  which  the  earliest  vertebrate  forms  origin- 
ated from  the  most  nearly  allied  Chorda-Animals,  consisted 
in  an  internal  metameric  structure.  This  showed  il 
first  most  distinctly  in  the  articulation  of  the  mui 
system,  which  broke  up  on  the  right  and  left  into  a  bi 
of  consecutive  muscular  plates.  At  a  later  period 
ArticiilatioD  declared  itself  prominently  in  the  skeleton. 
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oervous  anj  blood-vessel  systema.  As  we  have  alRady 
B««n.  this  process  of  articulation,  or  metameric  fonuatioii, 
must  essentially  be  regarded  aa  terminal  germination. 
Each  distinct  trunk-segment,  or  metameron,  reproaents  an 
individual.  Thus  the  Vertebrates  with  their  internal 
segmentation  stand  in  a  similar  relation  to  their  inarticulate 
Invertebrate  ancestors,  the  Cliorda  Animals,  as  do  the  out- 
wardly segmented  Ringed  Worms  (Annelida)  and  Articu- 
lated Animals  (^Artkropodu)  to  the  simple  inarticulate 
Worms  from  which  they  originated. 

The  tribal  history  of  Vertebrates  is  rendered  much  more 
intelligible  by  the  natural  classification  of  the  triVje  which 
I  proposed  first  in  my  Qenerdle  Morjilioloijie  (ISGfi),  and 
tAerwards  improved  in  many  ways  in  "  The  Natural  History 
of  OreatJOTi"  (Chap.  XX.,  p.  192,  etc.).  In  accordance  with 
that,  existing  Vertebrates  must  be  divided  into  at  least 
eij{ht  cUases,  aa  follows : — 


mlMfomU) 
(».  DinbV~ncrimi.4 


Tbo  whole  Vertebrate  tribe  may  primarily  be  divided 
faito  the  two  main  sections  of  the  Skull-less  and  the 
SkaUed  Vertebrateai.  Of  the  earlier  and  lower  section,  that 
cf  the  Skall-less  {Acrania),  the  Amphioxus  is  alone  extant, 
To  the  more  recent  and  higher  section,  the  SkuUod  (Cra- 
aiota),  belong  all  other  existing  Vertebrates  up  to  Man.    The 
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Craniota  branched  off  from  the  Acrania,  as  these  did  {rom 
the  Chorda  Animals.  Our  exhaustive  study  of  the  Compara- 
tive Anatomy  and  Outogeny  of  the  Ascidian  and  th» 
Amphioxus  have  already  affoixled  proof  of  this  relation,  (C£ 
Chapters  XTII.  and  XIV.,  and  Platea  X.  and  XI.  with  thi 
explanations.}  I  will  only  repeat,  as  the  most  importaB 
fact,  that  the  Amphioxus  develops  from  the  egg  in  exactl] 
the  same  way  as  the  Ascidian.  In  hoth,  the  original  Bi^ 
I  gastiida  (Figs.  4  and  10)  originates  in  an  exactly 
manner,  by  primordial  cleavage  from  the  simple  parent-col 
(Figs.  1  and  7).  From  this  originates  that  remarkable  I&rvi 
which  develops  a  medullary  tube  on  the  dorsal  side  of  tl 
intestinal  tube,  and  between  the  two  a  notochord.  At 
later  period,  both  m  the  Ascidian  and  in  the  Amphioxus,  tits- 
intestinal  tube  differentiates  into  an  anterior  gill-intcetioe 
and  a  posterior  stomach-intestine.  In  accordance  with  tl 
fundamental  principle  of  Biogeny,  from  these  very  impoi 
facts  we  may  deduce  the  following  statement  of  great  phy 
genetic  impoilance :  the  Amphioxus,  tlie  lowest  Vertcbi 
form,  and  the  Ascidian,  the  most  nearly  allied  Invertebi 
form,  have  both  descended  from  one  single  extinct  Woi 
form,  which  must  have  possessed  the  essential  structure 
the  Chorda  Animola. 

The  Amphioxus,  as  has  already  been  often  sboWD, 
of  extreme  importanco ;  not  only  because  it  thus  fills  tlM' 
great  gap  between  the  Invert«brates  and  the  VcrtebrstoLj 
but  also  because  it  represents,  at  the  present  time,  * 
typical  Vertebrate  in  its  simplest  form;  and  because 
directly  affords  the  best  standpoint  from  which  to  exi 
the  gradual  historic  evolution  of  the  whole  tribe.  If 
structure  and   germ-history   of  the  Amphioxus   were 
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known  to  us,  the  whole  subject  of  the  development  of 
the  Vertebrate  tribe,  aiid  thus  of  our  own  race,  would  be 
enveloped  in  an  impenetrable  veil  The  accurate  anatomicai 
and  ontogenetic  knowledge  of  the  Amphioxus,  attained 
daring  the  hist  few  years,  baa  alone  pierced  that  heavy  vdit. 
formerly  supposed  to  be  impenetrable.  If  the  Amphioxus  is 
compared  with  the  developed  Man  or  any  other  of  the  ' 
higher  Vertebrates,a  great  number  of  striking  diaaimilaritics 
will  be  seen.  The  Amphioxus  has  no  specialized  head,  no 
brain,  no  skull,  no  jaws,  no  limbs  j  it  is  without  a  central- 
ized heart,  a  developed  liver  and  kidneys,  a  jointed  voi-tebral 
oolutno ;  every  organ  appears  in  a  much  simpler  and  more 
primitive  form  than  in  the  higher  Vertebrates  and  in  Man. 
(C£  Table  X.,  vol  1  p.  ilJC.)  And  yet,  in  spite  of  all  these 
varioos  deviations  from  the  structure  of  otiier  Vertebrates, 
the  Ampliioxus  is  a  genuine,  unmistakable  Vertebrate ; 
and  if,  instead  of  the  developed  Man,  the  human  embryo 
at  an  early  period  of  ita  Ontogeny  is  compared  with 
the  Amphioxus,  we  ahall  find  perfect  parallelism  between 
the  two  in  all  essential  points.  (Cf.  Table  IX.,  vol.  1  p.  465.) 
This  highly  important  parallelism  justifies  the  conclusion 
that  all  the  Skulled  Animals  (Craniota)  have  descended 
fran  a  common  primaival  parent-form,  the  structure  of 
which  was  essentially  that  of  the  Amphioxus.  This  parent- 
fnnn,  the  earliest  Primitive  Vertebrate,  possessed  the 
npculiar  characters  of  the  Vertebrates,  and  yet  was  without 
all  those  important  peculiarities  that  distinguish  the  Skulled 
Animals  from  the  Skull-less.  Although  the  Amphiosus  ap- 
pe«n  peculiarly  organized  in  many  respects,  and  although 
it  may  not  be  regarded  as  an  unmodtlied  descendant  of  the 
E^nmitive  Vertebrate,  yet  it  must  have  inherited  from  the 
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latter  tbe  diBtini^uishing  characteristic  featurea  alreaJj 
meotioiied.  We  canuot  therefore  say  that  the  Ampbiosus 
the  iirogenitor  of  the  Vertebrates ;  but  we  may  certainly  say 
that  the  Amphioxus  of  all  knonii  animals  is  nearest  allied 
to  this  progenitor;  both  belong  to  the  same  limited  family 
group,  to  the  lowest  Vertebrate  class,  that  of  the  Skull-lea* 
Animals  (Acra/nia).  In  the  human  pedigree,  this  group 
fonns  the  ninth  stage  of  the  ancestral  chain,  the  fii-st  among 
Vertebrate  ancestora  From  this  Skull -less  group 
jeveloped  the  Amphioxus  on  the  one  side,  and  on  the  oUuC 
the  parent-form  of  the  Skulled  Animals  (Craniota), 

The  comprehensive  group  of  the  Skulled  AiumaU 
includes  all  known  Vertebrates,  with  the  single  excej^ 
tion  of  the  Am  phi  ox  us.  All  these  Skulled  Aolmak 
possess  a  distinct  head,  inwardly  specialized  from  till 
tiunk,  and  this  contains  a  skull,  enclosiug  a  hi-ain.  Thi 
head  also  carnes  three  of  the  higher  sense-organs,  which  ai 
partially  wanting  in  the  Skoll-less  Animals  (nose,  eara,  u 
eyes).  At  first,  the  brain  appears  in  a  very  simple  fonn,  i 
an  anterior  bladder-like  extension  of  the  medullary  tul 
(Plate  XI.  Fig.  IC,  mj.  This,  however,  is  soon  distributed  h 
several  tranverse  grooves — first  into  three,  and  aft^m'ai 
into  a  series  of  five  consecutive  brain-blodders.  In  t 
formation  of  the  head,  skull,  and  brain,  together  with  t 
higher  sense-organs,  lies  the  most  essential  advance 
by  the  skulled  parent-fonu  beyond  its  skull-less  anceston 
Other  organs,  however,  also  soon  rose  to  a  higher 
of  development;  a  compact  centralized  heart  appeared, 
more  perfect  liver  and  kidneys;  and  in  other  diroctioi 
also  important  advance  was  made. 

The  Skull-lefs   Animals  may  be  primarily  Bubdiv)d«| 
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Into  two  differing  main  sections,  that  of  the  Single-nostrils 
Xifonorhina),  and  that  of  the  Douhle-nostrila  (A  mphirhina). 
Of  the  formev  there  are  but  very  few  extant  formB,  which 
■re  called  Round-mouths  (Cijcloaloma).  Theae  are,  however, 
t  gieat  interest,  because  in  their  whole  structure  they  are 
Btermedtate  between  the  Skull-less  Animab  and  the  Double- 
loeti'ils  {AmphirhiTia).  Their  organization  is  much  higher 
tb&n  that  of  the  Skull-less  Aiiiroals,  much  lower  than  that 
of  the  Double-nostrils ;  they  thus  form  a  very  welcome 
phylogenetic  link  between  those  two  divisions.  We  may 
tiierefore  represent  them  aa  a  special,  tenth  stage  in  the 
Iratnan  ancestral  seriea 

The  few  existing  speciea  of  the  class  of  Round-moutha  are 
distributed  into  two  different  orders,  which  are  distinguished 
the  Hags  and  the  Lampreya  The  Hags  (Mi/xitioides) 
have  long,  cylindrical,  worm-Hke  bodies.  Linnteua  classed 
UieiD  among  Worms,  but  later  zoologists  have  placed  them, 
BOmetimes  among  the  Fishes,  sometimes  Amphibiana,  and 
■gain  with  Molluscs.  The  Hags  live  in  the  sea  and  are 
timially  parasitic  on  Fishes,  into  the  skin  of  which  they 
penetrate  by  means  of  their  round  sucking  mouths  and 
their  toothed  tongues.  They  are  occasionally  found  in  the 
body-cavity  of  Fishes — for  example,  of  the  Cod  and  Stur- 
geon— having  penetrated  to  the  interior  in  their  passage 
throngH  tlie  skin,  Tlie  second  order,  that  of  the  Lampreys 
(P^romyzoniea),  includes  those  well-known  "  Nine  eyes," 
tommon  at  the  seaside;  the  little  river  Lamprey  {Petro- 
nyson  jluviatilia)  and  the  large  sea  Lamprey  {Pelramyzon 
narinus.  Fig.  190). 

The  animals  included  tn  the  two  groups  of  the  Myxi- 
noides  and  tb«  Pctromyzontea,  axe  called  Round-mouths 
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{Ct/doatoma},  from  the  fact  that  their  mouth  forms  s  circular 
or  semi-circular  opening.  The  upper  and  under  jaws, 
which  appear  in  all  the  higher  Vertebrates,  are  completely 
wanUng  in  the  Round-mouths,  as  in  the  Auiphioxus.  All 
other  Vertebrates  are  therefore  distioguiahable  from  thev 
as  "Jaw-moutlied"  {Ghnaihostomi').  The  Kound-roouths  may 
also  be  called  "Single-nostrils"  (jVonorftina),  because  they 
have  but  a  single  nasal  tube,  while  the  Gnathostomi  are  all 
fumislied  with  a  pair  of  nasal  cavities,  a  right  and  a  le 
nose-cavity  ("  Double-nostrilled,"  Ampkirki-na).  But  . 
addition  to  these  peculiarities,  the  Jaw-mouths  are 
rlistinguished  by  many  other  remarkable  structural  arrajig»> 
ments,  and  are  further  removed  from  the  Fishes  than  I 
latter  are  from  Man.  They  must,  therefore,  evidently  bt 
regarded  as  the  last  remnant  of  a  very  old  and  very  1 
class  of  Vertebrates,  which  are  far  below  the  structun] 
stage  of  a  genuine  Fish.  To  mention  here  briefly  only 
the  most  important,  the  Round-mouths  are  entirely  witl 
out  any  trace  of  limbs.  Their  slimy  skin  ia  quiU 
naked  and  smooth,  without  scales.  They  are  wholly 
destitute  of  a  bony  skeleton.  The  inner  skeleton  axis  j 
a  very  siinple  inarticulate  notochord,  tike  that  of  tlit 
Ampbioxus,  In  the  Lampreys  aJone  a  rudimentary  artict 
l&tion  is  indicated  by  the  fact  that  upper  arches  appear  t 
the  vertebral  tube  proceeding  from  the  notochord  shent^ 
At  the  anterior  end  of  the  chorda  a  skull  is  developed  i 
ita  veiy  simplest  form.  From  the  notochord  sheath  ] 
ceeda  a  small  soft-membraneous  skull  capsule,  wliid 
becomes  partly  cartilaginous:  this  capsule  encloses  tb< 
brain.  The  important  apparatus  of  the  gill-arches,  tint 
tongue-bone,  etc,  which   is  inherited  by  all  Vert«brat«« 


irom  I^sbcs  to  Man,  is  wholly  wanting  in 
Die  Boynd'iQoulhs.  They  have,  incited,  a 
Buperficijil,  cartilaginous  gill-skeleton,  but  this 
is  of  quite  diffeient  mor[)hological  aignilicancc. 
Ob  the  other  hand,  in  them  we  meet,  for  the 
fiist  time,  with  a  brain,  that  important 
mental  oifjan,  which  has  been  transmitted 
from  the  Single-nostrils  up  to  Slan.  It  is  true 
that  ia  the  Round-moutlis  the  brain  appears 
merely  as  a  very  small  and  comparatively 
insignificant  swelling  of  the  spinal  chord;  at 
firat  a  Bimplo  bladder  (Plate  XL  Fig,  IG,  mj, 
which  afterwards  separates  into  five  consecii- 
tjx'e  brain-bladdera,  as  in  the  bruins  of  all 
Uoable-breathers.  These  five  simple  primitive 
brain -blii riders,  which  reappeai-  in  a  similar 
form  in  the  onibrj-os  of  all  higher  Vcrfobrates, 
from  Fishes  up  Lo  JIaii,  and  whidi  undergo 
a  very  complex  modification,  remain  in  the 
Bound-mouths,  in  a  very  low  and  undiileren- 
tJAt«(l  stage  of  development,  The  histological 
vloincotaiy  structure  of  tlie  ner\'ou3  system  is 
also  much  more  imperfect  than  in  other  Verte- 
brates. While  in  the  latter  the  organ  ot 
hearing  always  has  th]-ee  semi-circular  canaU, 
in  the  Lampreys  it  has  but  two.  and  in  the 
Hags  but  ono.  In  most  other  points  also, 
the    organiisatioQ    of    the    Round-moutha    is 

Fl«.  19ft.— Thn  targo  Sew-lamptoy  ^Petrorriyton  mari. 
■■(),  Baob  n^xord  ia  liia.  A  Kriot  o!  aoven  gill-open- 
bift  an  rlaibln  b«U'W  llie  nje. 
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aiuct  Biinplei  and  more  imperfect,  as,  for  instance,  in  the 
Btructure  of  the  heart,  the  circulatory  system,  and  th« 
kidaeys.  In  them,  as  in  the  Amphioxus,  the  anterior 
portion  of  the  intestinal  canal  does,  indeed,  form  respiratory 
^lls  J  but  these  respirator^'  oi^ans  are  developed  in  a  very  i 
peculiar  way ;  in  the  form  of  six  or  seven  little  pouches,  or 
sacs,  which  lie  on  both  sides  of  the  anterior  intestine  and 
communicate  with  the  throat  (pharynx)  by  inner  openings 
and  by  outer  ones  with  the  external  skin.  This  is  a  very 
peculiar  formation  of  the  respiratory  oi^ans,  quite  cha- 
racteristic of  this  class  of  animals.  They  have  therefon 
been  called  the  "Pouch-gills"  (Maraupohraiiclt-ii).  Th« 
alienee  of  one  very  important  organ  found  in  the  Fishe^ 
the  swimming-bladder,  from  which  the  lungs  of  the  highai 
Vertebrates  have  developed,  should  he  especially  noticed. 

In  their  germ-history,  as  in  their  whole  anatomical 
ture,  the  Round-mouths  present  many  peculiarities.  Th^ 
are  even  peculiar  in  the  unequal  cleavage  of  the  egg,  whidt 
most  nearly  approaches  that  of  the  Amphibians  (Fig.  31, 
vol  L  p.  203),  Tliis  results  in  the  formation  of  a  Hood 
gastrula,  like  that  of  Amphibians  (Plate  II.  Fig.  11),  From 
this  develops  a  very  simple  organized  larval  form,  which  ii 
closely  allied  to  the  Amphioxus,  and  which,  for  that  rei 
we  examined  and  compared  with  the  latter  (vol  i.  p.  428 
and  Plate  VIII.  Fig.  16).  The  gradual  germ-evolution  t 
these  larvee  of  the  Kound-mouths  explains  very  clearly  an 
unmistakably  the  gi'adual  evolution  of  the  Skulled  from  tl 
Skull-less  class  of  Vertebrates.  At  a  later  period,  froi 
this  simple  Lamprey  larva  is  developed  a  blind  and  toothi 
less  larval  form,  which  is  so  very  difierent  from  the  matui 
Lamprey  that,  until   twenty  years  ago,   it  was   genenJh 
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described  as  a  peculiar  form  of  fish  under  the  name  of 
AmmoaKtea.  By  a  further  metamoiphoaia  tliia  blind  and 
tootLless  Ammocstes  ts  transformed  into  the  Lamprey  with 
eyes  and  teeth  (Petromyzony" 

Summing  up  all  these  peculiarities  in  the  structure  and 
emhryology  of  the  Rouod-moutha,  we  may  assert  that  the 
olde^it  Skulled  Animals,  or  Craniota,  diverged  in  two  lines; 
one  of  these  lines  has  continued  up  to  the  present  time 
bat  little  modified;  it  is  represented  by  the  Cyclostoma, 
or  Monorhina,  forming  a  collateral  line  which  has  made 
but  little  progress,  but  has  remained  at  a  very  low  stage  of 
development.  The  other  line,  the  direct  line  in  the  pedigiee 
of  the  Vertebrates,  advanced  in  a  straight  line  to  the  Fishes, 
•ad  by  new  adaptations  attained  many  important  improve- 
ments 

In  order  rightly  to  appreciate  the  phylogenctic  signi- 
ficance of  interesting  remnants  of  primeval  groups  of 
animaU.  such  as  the  Round-mouths,  it  is  necessary  to  study 
minutely  their  various  peculiar  characters  philosophically 
snd  vttl)  the  aid  of  Comparative  Anatomy.  A  careful 
distinction  must  be  drawn  between  the  hereditary  cha- 
isctcr*  which  have  been  accurately  transmitted  to  the 
pTCsent  day  by  heredity  from  common,  primseval  ancestors, 
BOW  extinct^  on  the  one  hand;  and,  on  the  othor,  tliose 
special  adaptive  peculiarities  which  the  existing  remnant 
of  tbftt  primsBval  group  have,  io  the  course  of  time,  gained 
•ecood&rily  by  adaptation.  To  the  lattur  class  belong, 
foe  eitample,  in  the  Hound-mouths,  the  peculiar  formation 
of  the  aiDgle  nostril  and  the  round  sucking  mouth ;  as 
well  us  special  structural  arrangements  of  the  epidermis 
und  the  pouch-ahapcd  gills.     But,  on  the  oUier  hand,  to  the 
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former  class  of  characteristics,  which  alone  have*  any  phylo- 
genetic  significance,  belong  the  primitive  formation  of  the 
vertebral  column  and  the  brain,  the  absence  of  the  swim- 
ming-bladder, of  jaws,  limbs,  etc. 

In  the  animal  system,  the  Round-mouths  are  usually 
classed  among  Fishes;  but  that  this  is  quite  incorrect  is 
apparent  from  the  simple  fact  that,  in  all  important  and 
prominent  structural  peculiarities,  they  are  further  removed 
from  the  Fishes  than  the  Fishes  are  from  the  Mammals  and 
from  Man. 
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Dl.  Fbou  thb  Pbimititb  Fibh  i 


i  AsiNiono  Akoui. 


wnifuratiTs  Anatomy  of  tbe  Vertphratea. — Ths  Characteriatio  Qiia1[tiea  o( 
IhB  Doubk-nntrilled  and  Jnw-nnintlieil :  tho  Dooble-NDstrilB,  the  Gill- 
udi  Appaisliu,  iritb  the  Jan.Brcliea,  the  SnimmiDg-bhidiler,  tbe  Two 
Pun  of  LimlM. — RcliitiuiiBbip  of  tbe  Three  Gronpe  of  Fishes :  the  Pri- 
Diitifv  Fiahe«  (Selut'iii).  the  Ganoidg  (Oanoides),  the  Oaseons  Fishes 
(Trl'tntn').— Dawn  of  Tcrrestral  Life  on  the  Eorth.— Modificntiun  of 
tlia  Swimning-bladdar  into  the  Lungs.—Inicnncdinte  Position  of  the 
Dipnenata  betireeo  the  FrimitiTe  Fishee  and  Ainjihibia. — The  Three 
EitJitit  DipoeDsta  {Proloptemt,Lepidi)tiren,Ceraloduii)  ^MudilicatioD  of 
the  Unny-topd  Fin  of  the  Fiah  into  the  Fire-toed  Foot.— Caasea  and 
MocU  uf  thelattar.— Descent  of  oli  Higber  Vertebmtea  from  a  Five-toed 
Aujpliibian, — Intermediate  Poaition  of  the  Amphibiang  between  the 
Lowar  aed  Higher  TerCebratea. — Modification  or  Metamorphoaia  of 
FVog*. — DiSerent  Sisgoi  id  Amphibian  UetamorphoaiB.— The  Gillod 
ftitnehlatii  (Profnuandiielott).— The  Tailed  Batraohiani  (Batnmnn. 
d«t»  and  Mnd-fiahj.— Frog  Batraohiani  (Fruga  and  Tuada).— Chief 
(Iraop  of  the  Amnion  Animals,  or  Amniala  (Tteptilea,  Bird«,  aud 
M annual*).  — Descent  of  all  tbe  Amniota  from  a  Commoo  Liinrd.lifce 
Pai'*Mt'for[n(PraEanHi>'on).— Firat  Formation  of  the  Allantoiit  aad  of  tl« 
Amnioii.— Branching  of  the  Amnion  Animals  in  Two  Linea  ;  on  the  one 
•idoi  Beptilea  (and  Birdx),  on  the  other  side,  Uimmnla. 

"The  ima^oatloD  ia  an  indiipeninble  faoolty;  tor  it  it  that  wbich,  by 
IT  Dombinatlona,  oooasioiu  imptirtant  diaeoveriea.  Tho  nntantUat 
't  both  tbe  discrimiiuting  poww  of  abstract  reaaoD.and  the  geniTalixitig 
iTuf  tb*  ituagioation,  and  tb&t  the  two  should  be  harmonioual/  inMr. 
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related.    If  the  proper  balance  of  lliese  foralties  ii  destrm-e^,  Ilie  natimU 
IR  bnrried  iDto'ohmiericLl  fnneieB  by  his  imagilmliun  i  while  Lhe  lune  gifl 
1(>bi]h   Lhe   gifted  Datuniliat  of   luScieai  strength  of  nsuuii  M  tbs 
impurtfiiDt  discovedes." — Jduinxeb  MC'lLEK  (1S31]. 

The  further  we  proceed  in  human  tribal  history,  the  nsuw 
rower  does  that  part  of  the  animal  klogilom  become  within 
which  we  must  look  for  extinct  ancestors  of  the  human, 
race.  At  the  same  time,  the  eviJcuce  &a  to  the  history  o 
the  evolution  of  our  race  given  by  what  we  have  called  the 
records  of  creation,  the  evidence  of  Ontogeny,  of  Compare 
tive  Anatomy,  and  of  Palseontology,  grows  constantly  morS 
extensive,  complete,  and  t  mat  worthy.  It  is  therefore 
natural  that  Phylogeny  should  assume  a  more  definite  form 
the  nearer  we  approach  the  higlier  and  the  highest  stages- 
of  the  animal  kingdom. 

Comparative  Anatomy  especially  has  done  far  more  fov 
our  knowledge  of  these  higlier  stages  of  evolution  in  the 
animal  kingdom  than  for  the  lower.  This  importanl 
science,  which  aims  at  a  tnie  pliilosophy  of  organic  forrn^ 
has  made  greater  progress  in  the  Vertebrate  tribe  than  in  any 
section  of  the  Invertebrate.  Cuvier,  Meckel,  and  Johannoi 
Muller  had  already  laid  a  deep  and  extensive  foundationj 
and  now  the  Comparative  Anatomy  of  Vertebrates  ha 
recently  been  powerfully  advanced  by  the  admirable  inva 
tigations  of  Owen  and  Huxley,  and,  especially,  has  1 
perfected  to  such  a  degree  by  the  unsurpassed  labours  o 
Gegenbaur,  that  it  now  forms  one  of  the  strongest  supporte 
of  the  Theory  of  Descent,  Relying  on  the  evidence  thu« 
furnished,  we  can  now,  with  a  great  degree  of  certainty, 
recognize  the  mo^t  important  outlines  of  the  series  of  stsgel 
and  the  ramifications  of  the  Vertebrate  pedigree. 
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TLat  part  of  the  animal  kingdom  with  which  wo  are 
now  concerned  has  become  so  narrow,  even  before  we  have 
left  the  Archilitliic  Epoch,  that  but  a  single  one  of  the 
seven  tribes  of  the  animal  kingdom  forms  the  object  of  our 
study.  Even  within  this  tribe  we  have  passed  the  lowest 
stepfl,  and  have  risen  above  the  SkuU-lesa  (^crania)  and 
Double-nostrilled  Vertebrates  [Mvnorkina),  to  the  class  of 
Fisbea.  The  latter  are  the  first  of  the  great  main  division 
of  TertebratcB  distinguished  hy  mouths  with  jaws  and  by 
double  nostrils  {Atnphirhina,  or  Gnatkoetoma).  From  Fishes 
we  start  again,  as  from  that  class  of  Vertebrates  which  are 
indubitably  shown  by  Comparative  Anatomy  and  Ontogeny 
to  be  the  anccstrai  class  of  all  Ligher  Vertebrates,  all  Am- 
phirhina.  Of  course  no  existing  Fish  can  be  regai-ded  as 
the  direct  parent-form  of  the  higher  Vertebrates.  But  it  is 
equally  certain  that  from  a  common  extinct  Fish-liko 
parent-form  we  may  trace  all  those  Vertebrates  from  Fishes 
up  to  Man,  which  are  included  under  the  name  of  Am- 
phirhina.  If  this  primieval  parent-form  were  extant,  we 
should  undoubtedly  describe  it  as  a  genuine  Fish  and  class 
it  among  Fishes.  Fortunately,  the  ComparaLlve  Anatomy 
and  Classification  of  the  Fishes  has  been  so  far  advanced 
(thanks  to  the  labours  of  Johannes  Mliller  and  Gegonbaur) 
that  we  can  very  clearly  distin^ish  these  most  important 
and  interesting  genealogical  relations. 

In  order  correctly  to  understand  the  human  pedigree 
within  the  Vertebrate  tribe,  it  is  very  important  to  bear  in 
mind  the  distinguishing  characteristics,  separating  Fishes 
and  all  the  other  Doublo-nostrils  (_Ampkirhina)  from 
Single-noBtrilled  and  Skull-less  Animals  (Monorhina  and 
Aerania).    These  very  distinguishing  cbaractvristic  marks 
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Fishes  have  in  common  with  all  other  Double-nostriU  i 
to  Man,  and  it  is  on  this  paraUelistn  that  we  found  o 
claim  of  relationship  to  Fishes.  (Cf.  Tahle  X.,  vol  L 
p.  466.)  ThB  following  characters  of  the  DouHe-nostrila 
must  be  especially  indicated  as  the  systematic  anatomical 
features  of  the  highest  importance ;  (1)  the  double  structura 
of  the  nose ;  (2)  the  internal  giU-arch  apparatus,  together 
with  the  jaw-arches ;  (3)  the  swimming-bladder,  or  luuga 
and  (4)  the  two  pairs  of  limba. 

As  to  the  nasal  structure,  on  which  is  based  the  distini 
tion  of  the  Single-nostrils  (MonorHna)  from  the  DoubIe< 
nostrils  (Amphirkina),  it  is  certainly  significant  that  even  ii 
Fishes  the  earliest  rudiment  of  the  nose  consists  of  two  en- 
tirely distinct  lateral  grooves  or  pits  in  the  outer  surface  o 
the  head,  just  as  is  the  ca.se  in  the  embryo  of  Man  and  of  & 
higher  Vertebrates.  On  the  other  hand,  in  Single-nostrilt 
and  Skull-lc3s  Vertebrates  the  first  rudiment  of  the  nose  i 
from  the  first,  a  single  pit  in  the  centre  of  the  forehea 
region.  No  less  important  is  the  higher  development  of  tl 
skeleton  of  the  gill-arch  and  of  the  jaw  apparatus  connecte 
with  it,  as  it  occurs  in  all  Double-nnstrils  from  Fishes  t 
Man.  It  is  true  that  the  primitive  modification  of  ib 
anterior  intestine  into  the  gill -intestine,  which  occi 
in  Ascidiaas,  is  developed  in  all  Vertebrates  from  one  aimpl 
rudiment;  and  in  this  respect  the  gUl-openings.  which  ifl 
all  Vertebrates  and  also  in  Ascidians  pierce  the  wall  of  tb( 
gill-intestine,  are  quite  characteristic.  But  the  exten 
framework  of  the  gills,  which  in  all  SkuU-less  and  Single 
nostrilled  Animals  (Acranwta  and  MoiKrrhtna)  support 
the  gill-bo'ly,  is  displaced  in  all  Douhle-nostrils  (Ampkv 
Thina)  by  an  internal  gill-skeleton  which  replaces  the  former 
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This  internal  gill-support  consists  of  a  consecutive  series  of 
cartilaginous  arches,  which  are  situated  between  the  gill- 
openings  wjtliin  the  wall  of  the  throat  (pliaryns),  and 
extend  round  the  throat.  The  foremost  of  these  paii3  of 
gill-arches  changes  into  the  jaw-arch  (maxillary  ai-ch), 
which  gives  rise  to  the  upper  and  lower  jaws, 

A  third  essential  character  by  which  all  Doublo-nostnis 
are  well  distinguished  from  all  thoae  lower  Vertebrates 
which  we  have  already  considered,  13  the  formation  of  a 
blind  sac  which  protrudes  from  the  anterior  portion  of  the 
intestinal  canal,  and  which  in  the  Fishes  becomes  the  air- 
filled  swimming-bladder  (Plate  V.  Fig.  13,  lu).  As  this 
orpin,  in  proportion  as  it  contains  a  greater  or  less  quantity 
of  air,  or  in  proportion  as  tliis  air  is  more  or  loss  compressed, 
imparts  ft  higher  or  lower  specific  gravity  to  the  Fish,  it 
•eta  as  a  hydrostatic  apparatus.  By  this  means  the  Fish 
can  rise  or  sink  in  the  water.  This  swimming-bladder  is 
the  o>;gan  fi-om  wliich  the  lung  of  higher  Vertebrates  has 
developed.  The  fourth  and  last  main  character  of  Double- 
nostriU  is  the  presence  of  two  pairs  of  extremities  or 
mejnbera  in  the  primitive  arrangement  of  the  embryo ;  a 
pair  of-  fore  limbs,  which  in  Fishes  are  called  pectoral  fins 
(Fig.  lyi,  v),  and  a  pair  of  hind  limbs,  which  in  Fialies  are 
colled  ventral  fins  (Fig.  li)l,  k).  The  Comparative  Anatomy 
of  these  fins  b  of  supreme  interest,  because  they  contain 
the  rudiments  of  all  those  parts  of  the  skeleton  which,  in 
all  the  highttr  Vertebrates  up  to  Man,  form  the  skeleton  or 
npport  of  the  extremities  of  the  fore  and  hind  limhs.  In 
8kaU-l««a  and  Single-nostriilcd  Animals  there  is,  on  the 
coatrary,  no  trace  of  these  extreraitica.  In  addition  to 
tbeao  tout  most  important  main  chaiactcrs  of  the  AmphJ- 


ft2  THE  EVOLUnOS   OF   MAS. 

riiina,  we  might  fiirtiier  tnention  the  presence  of  a 
pathetic  nerve-system,  a  spleen,  a  ventral  salivary  glaod' 
organa  which  are  not  represented  iu  the  lower  Vertebral 
already  con^dered.  All  these  important  parts  have 
mitted  themselves  horn  Fishes  up  to  Man,  and  from  tliii 
circumstance  alone  it  is  evident  how  wide  a  chasm  sc] 
rates  the  Fishes  from  the  Skull-less  and  Singlc-nostrillei 
Animals  (^Acraniota  and  Monorhina).  Fislies  and 
I  possess  all  these  characters  in  common  (Table  X.). 

Turning  now  to  consider  the  Fish  class  in  greater  det^ 
we  may  di^de  it  primarily  into  three  main  groups,  or  bd] 
classes,  the  genealogies  of  which  are  evident  The  fin 
and  most  ancient  group  is  that  of  the  Primitive  Fisht 
I  ^SeUtchii),  the  best-known  extant  representatives  of  whidi  ~ 
>  axe  the  members  of  the  much-varied  orders  of  Sharks  and 
Rays  (Figs.  101. 192).  These  are  followed  by  a  series  of 
further  developed  Fisli  forms,  by  the  sub-class  of  Mucon 
Fishes  {Oanoides).  The  greater  number  of  these  have  long 
been  estinct,  and  only  very  few  living  representatives 
known ;  these  are  the  Sturgeon  and  Huso  of  European  sei 
the  Folyptcnis  of  African,  and  the  Lepidosteus  and 
of  American  rivera  The  earlier  abundance  of  forms  beloi 
ing  to  this  interesting  group  ia,  however,  proved  by  tl 
abundance  of  their  fosi>U  remains.  From  these  Mucoi 
Fishes  originated  the  third  sub-class,  that  of  the  Osseoi 
Fishes  (Telcoatei),  to  which  belong  most  extant  Fishes, 
cinlty  nearly  all  our  river  fish.  Comparative  Anatom] 
and  Ontogeny  very  clearly  show  that  the  Ganoids  spi 
from  the  Selaehii,  just  as  tlie  Teleostei  sprang  from  tb^j 
Ganoida  But,  on  the  other  hand,  a  second  siile-lin^ 
ratlier  the  main  ascending  line  of  the  Vertobrat«  tril 
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Fig.  19L — Embrjo  of  ■  Sb&rk  (Scynmuttichiaj.ttea  fi«m  t«nttal*iittt 
V,  pecConI  Bni  (in  Eront  oF  these  Ere  fain  lA  gitl-opeoinin)  i  k,  nntnl  &ui 
>■  kual  opeDing  ;  i,  tail  &a  ;  i-,  eit«niKl  gill-tnfta ;  d,  yt&.-mo  (Ihe  gnalM 
psrtof  thii  bubeeii  remoriKl);  g,  e je  ;  M.  DOse;  IB,  Biolllli  Gsmra. 

Fio.  193.  — Dereloped  Maa-^h«rk  (Cartiariai  awtatMjTfmu),  aeca  frw 
llie  left  ndei  r,  Snt,r,  second  donal  fin;  (,  tail  GDi  a,  wn*l  Sqi  i^  pevuni 
Cdi  g  t,  TestnLl  fiua. 

developed  in  another  direction  from  the  Primitive  FisliM; 
tliis  line  leads  uptrard  through  the  Dipneusta  group  to  the 
important  class  of  Ampbihia. 

This  Eigniiicant  I'clatlonship  between  the  three  groopi 
of  Fishes  has  been  placed  beyond  all  doubt  by  the  re- 
searches of  Gcgenbaiir  on  the  subject  The  lucid  discussion 
on  the  "systematic  position  of  ttie  Selachtl"  which  tbat 
author  inserted  in  the  introduction  to  his  classic  study  of 
the  "bead  skeleton  of  the  Selacliii,"  must  be  regarded  « 
definitely  proving  this  important  relation."*  In  Primitive 
Fishes  (Selacliii),  however,  the  scales  (skin  appendages) 
and  the  teeth  (jaw  appendages)  are  identical  in  formation 
and  structure,  while  in  the  other  two  groups  of  Fishet 
(Mucous  and  Osseous  Fishes)  tlicse  organs  havtj  alreadj 
become  di&tinct  and  dilTeicnliated,  Moreover,  in  Primitin 
Fishes,  the  cartilaginous  skeleton  (the  vci'tcbral  colujni 
and  the  skull,  as  well  as  the  members)  is  of  tbe  simplest 
and  most  primitive  nature,  of  which  the  bony  skclctool. 
of  Mucous  and  Osseous  Fishes  must  be  regarded  as  ft 
modificatioa  It  is  true  that  id  certain  respects  (in 
iitnicture  of  tbe  heart  and  of  the  intestinal  canal)  Muc< 
Fishes  fully  coincide  with  Frimitiio  Fishes,  and  differ  ft 
Osseous  Fishes,  But  a  comparative  review  of  all 
anatomical  relations  plainly  shows  that  the  Mucous  Fi 
constitute   a    connecting    group    between    Primitive 


Osseous  Fishea  The  Primitive  Fishes  (Selachi!)  form  the 
most  ancient  and  original  group  of  Fishes,  From  these, 
in  one  direction,  all  other  Fishes  have  developed ;  the 
ilacous  Fishes  first,  which,  at  a  much  later  period  (in  the 
Jurajisic,  or  the  Chalk  Period),  gave  rise  to  the  Osseous 
Fishes.  In  another  dircct'on,  the  Primitive  Fishes  gave 
rise  to  the  parent-forms  of  the  higher  Vertebrates,  directly 
to  the  Dipneusta,  and  thus  to  Auiphibiana.  Regarding  the 
Selachii  as  forming  the  eleventh  stage  in  our  pedigree,  these 
would  be  foUowed  by  the  Dlpnensta  group  as  the  twelfth 
ttage,  and  by  the  Amphibian  group  as  the  thirteenth  stage. 

The  advance  efiected  in  the  development  of  the  Mud- 
fishes (Dipneuata)  from  the  Primitive  Fishes  is  of  great  mo- 
ment, and  is  connected  with  a  very  noticeable  change,  which 
took  place  in  the  beginning  of  the  Palieozoic,  or  Primary 
Period  in  organic  life  as  a  whole.  For  the  very  numerous 
fefsil  remains  of  plants  and  animals  which  are  now  known  to 
belong  to  the  first  three  epochs  of  the  history  of  the  earth — 
to  the  Laurentian,  the  Cambrian,  and  the  Silurian  Periods, 
■re  exclusively  those  of  aquatic  plants  and  animaK  From 
ilbis  palxontologieal  fact,  taken  in  connection  with  certain 
*cighly  geological  and  biological  considerations,  we  may 
iDfer,  with  tolerable  certainty,  that  at  that  time  no  land 

lals  yet  existed.  During  the  whole  of  the  enormous 
Archisoic  Period — during  many  millions  of  years —  the  living 
pojiulatJoa  of  our  globe  were  all  water-dwellers:  a  very 
Rinarkable  fact,  when  it  is  remembered  that  this  period 
tmbraoGft  the  larger  half  of  the  entire  organic  history  of  tlie 
mrth.  The  lower  animal  tribes  are  even  now  excliisively, 
with  very  few  exceptions,  aquatic.  But  during  the 
A.R:hizoi^  or  Primordial  Epoch,  the  higher  animal  tribes 
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continued  exclusively  adapted  to  aquatic  habits  of  life, 
was  not  till  later  that  thej'  adopted  a  land  life.  The  earliest 
fossils  of  terrestrial  animals  occur  in  the  Devonian  Btrat^ 
which  were  deposited  in  the  beginning  of  the  second  gresi 
division  of  the  earth's  history  (the  Falseozoic  Epoch),  They 
iaci-ease  greatly  in  number  in  the  deposits  of  the  Coal  ant 
Permian  Periods.  Even  in  these  early  formations  maaj 
terrestrial  and  air-breathiag  species,  both  of  the  Artbro* 
pod  and  of  the  Vertebrate  tribe,  occur;  while  their  aquatas 
ancestors  of  the  Silurian  Period  breathed  nothing  I 
water.  This  physiologically  siguiGcant  modification  of  tlw 
mode  of  respiration  is  the  most  influential  change  i 
alfected  the  animal  organism  in  (he  transition  from  vnta 
to  diy  land.  In  the  first  place  it  caused  the  developmenl 
of  an  air-breathing  organ,  the  lung,  the  water-breathiD 
gills  having  previously  acted  as  respiratoiy  organs.  Slmot 
taneously,  however,  it  effected  a  remarkable  change  in  thl 
circulation  of  the  blood  and  in  the  organs  connected  wid 
this;  for  these  are  always  most  closely  correlated  with  I 
respiratory  organs.  In  addition  to  these,  other  organs  alaO) 
either  in  consequence  of  more  remote  correlation  witJi  I 
respiratory  organs,  or  in  consequence  of  new  adaptationi 
were  more  or  less  modified. 

Within  the  Vertebrate  tribe  it  was  midoubt«dty  a  bn 
of  the  Primitive  Fishes  (Sdacftii)  which,  daring  the  ] 
vonian  Period,  made  the  first  successful  effort  to  ■ 
itself  to  terrestrial  life  and  to  breathe  atmospheric  a 
this  (be  swimming-bladder  was  especially  of  service,  for  I 
succeeded  in  adapting  itself  to  respiration  of  air,  and  i 
became  a  lung.    The  immediate  consequence  of  this  wi 
the  modification  of  the  heart  and  nose.    While  true  Fisba 
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Iinve  only  two  blind  nose-yiits  on  the  surface  of  the  head, 
these  now  became  connected  with  tho  mouth-cavity  by  an 
open  passage.  A  canal  formed  on  each  side,  leading  diiectty 
from  tbe  nose-pit  into  the  mouth-cavity,  and  thus  even 
while  the  mouLh-opening  was  closed  the  necessary  atmo- 
spheric air  ajuld  be  introduced  into  the  lunga  While, 
moreovei*,  in  all  true  Fishes  the  heart  consists  simply  of  two 
C'jmpartmcnts,  an  auricle,  which  receives  tlie  venous  blood 
from  the  veins  of  the  body,  and  a  ventricle,  which  forces 
tliis  blood  through  an  arterial  expansion  into  the  gills,  the 
auricle,  owing  to  the  formation  of  an  incomplete  partition 
wall,  is  now  divided  into  a  right  and  a  left  half 
The  right  auricle  alone  now  received  the  venous  blood  of 
the  body,  while  the  left  auricle  received  the  pulmonic 
v«DOus  blood  passing  from  the  lungs  and  the  gills  to  the 
heartk  The  simple  blood -circulation  of  the  true  Fishes  thus 
became  the  so-called  double  circulation  of  the  higher  Ver- 
tebrates j  and  this  development  resulted,  in  accordance  with 
the  laws  of  correlation,  in  further  progress  in  the  structure 
of  other  organa 

The  vertebrate  class,  which  thus  first  adapted  itself  to 
,tiie  habit  of  breathing  air,  and  which  originated  from  a 
[irmnch  of  the  Selachii,  are  called  Mud-63he8  (^Dipneuata), 
or  Double-breathers,  because,  like  the  lowest  Amphibia, 
they  retain  the  earlier  mode  of  breathing  through  the  gilla, 
in  addition  to  the  newly  acquired  lung-respiration.  ThLi 
must  have  been  represented  by  numerous  and  diverse 
during  tlie  Palieolithic  Epoch  (during  the  Devonian, 
roroufi^  and  Permian  Periods).  As,  however,  the 
and  cartilaginous,  like  that  of  the  Selacliii, 
ly  left  00  fossil  remains.     The  hard  teeth  of 
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single  genera  (Cera(oiJus)  couM  alone  endure ;  these  ( 
for  instance,  in  the  Trias.  At  the  present  time  there  an 
only  three  extant  genera  of  this  whole  class :  Pi-otopia 
amiectena,  in  the  rivers  of  tropical  Africa  (White  Nile, 
Niger,  Quillimane,  etc);  Lepidoairen  paradoxa,  in  tropical' 
South  America  (in  the  tributaries  of  the  Amazon) ;  and 
Ceraiodus  Fosttri,  in  the  swampa  of  Southern  Australit 
(Plate  Xli.).'**  This  wide  distribution  of  the  three  isolated 
descendaata  of  the  class  is  alone  sufScient  to  prove  that 
they  are  the  last  remnants  of  a  group  which  was  formerly 
very  widely  developed  The  whole  structure  of  their 
bodies  shows  that  the  group  to  which  they  belong  forms  tlio 
transition  between  Fishes  and  Amphibia.     The  direct  trao-. 

I  sitional  structure  between  the   two  classes   is  so  clearly; 

'  expressed  in  the  whole  organization  of  these  curious  animal^ 
that  zoologists  yet  dispute  whether  the  Dii)neusta  i 
Fishes  or  Amphibia.  Some  welbknown  zoologists  still  claal 
tbem  among   Amphibia,    while   they    are   usually   placed 

-  among  Fishes.     In  fact,  the  characters  of  both  the  cIm 

I  are  so  united  in  the  Dipncusta  that  the  answer  to  tlM 
questioQ  as  to  thoir  nature  depends  entirely  upon  the  tneaiH 
ing  attached  to  the  terms  "  Fish  "  and  **  Amphibian," 
their  mode  of  life  they  are  true  Amphibia.  During  tbfl 
tropical  winter,  in  the  rainy  season,  they  swim  in  the  watei 
like  Fisliea  and  inhale  water  through  the  gills.  During  tl« 
dry  season  they  burrow  in  the  mud  as  it  dries  up,  and 
during  that  period  breathe  air  through  lungs,  ]ike  Am 
phibians  and  higher  Vertebrates.  In  this  two-fol<i  respira 
tion  they  do,  it  is  true,  coincide  with  the  lower  Amphibia 
and  stand  far  above  FLihes.  Yet,  in  most  other  choraetei* 
they  more  nearly  resemble  the  latter,  and  stand  below  t 
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Mmer.     Their  cstenul  appearance  ia  entirely  like  that  of 
'ishea. 

The  head  of  the  Dipneusta  ia  not  distinct  frtim  the 
The  skin  is  covered  with  large  fisii-scales.  The 
:eIeton  is  soft,  cartilaginous;  its  devclopracut  has  been 
rre3t«d  at  a  very  low  stage,  just  as  in  the  lower  Primitive 
Flshea  The  notochord  is  retained  entire.  Tlio  two  pairs  of 
iBi'>3  ai-e  very  simple  6ns  of  primitive  structure,  like  those 
the  lowest  Primitive  Fishes.  The  stracture  of  the  brain, 
f  the  intestinal  tube,  and  the  sexuaJ  organs,  is  also  as  in 
iimitive  Fishes.  The  Dipneusta,  or  Mud- fishes,  have,  there- 
ire,  by  heredity,  aecnrately  retained  many  features  of  a 
cr  organization  derived  from  our  primteval  Fish  ancestors, 
rhile  their  adoption  of  the  habit  of  breathing  air  through 
introduced  a  great  advance  in  the  vertebrate  organi- 
ition. 

Moreover,  the  three  extant  Mud-fishos  differ  a  good  deal 

aa  one  another  in  important  points  of  structure.     The 

ijDstnlian  Mud-fish  (Ceratodus),  which  was  first  described 

Sidney  in  1870  by  Gerard  Krofift,  and  which  attains  a 

gth  of  six  feet,  appears  in  an  especial  degree  to  represent 

primieTa]  and  very  consi^rvative  animal  form  (Plate  XII.). 

lis  is  especially  true  of  the  structure  of  its  simple  lung, 

il  of  its  fins,  which  contjiin  a  pinnate  skeleton.     In  the 

ifrican  Mnd-fish  (Prohipterus),  on  the  contrary,  and  in  the 

ii^rican  form  {Li^ulusiren)  the  double  lung  is  present,  aa 

all  higher  Vertebrates;  nor  is  the  fin-skt-leton  pinnate. 

adilition  to  the  internal  gills,  Protoptertis  has  also  ex- 

mal   gills,    which   are  wanting  in   Lcpidosiren.      Those 

inkniiwn  Dipneusta,  which  were  among  our  direct  ancestors. 

ud  which  formed  the  connecting  link  between  the  Selachii 
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and  the  Amphibians,  were  doubtless  in  many  respectt 
different  from  their  three  direct  descendants  of  the  present 
time,  but  in  the  most  esbentiaJ  characters  thoy  must  have 
coincided  with  the  latter.  Unfortunately,  the  germ-histoiy 
of  the  three  surviving  Mud-Sshea  is  as  yet  entirely  oi 
known;  probably  at  some  future  time  it  will  afford  i 
furtlier  important  information  as  to  the  tribal  history  of  tbi 
lower  Vertebrates  and  so  of  our  ancestors. 

Very  important  information  of  this  kind  baa 
supplied  by  the  next  Vertebrate  class,  that  of  the  Batr» 
chians  {Ampkibia),  which  is  directly  connected  with  tl 
Dipneusta,  from  which  it  originated.  To  this  class  bclor 
the  AzolotI,  Salamanders  (Plate  XIIL),  Toads,  and  Frog) 
I  Formerly,  after  the  example  of  Linntens,  aU  Rftptiles  (Liz 
Snakes,  Crocodiles,  and  Tortoises)  were  also  classed  amonf 
Amphibia.  But  these  animals  are  of  a  far  higher  organia 
tion,  and  in  the  most  important  characters  of  their  t 
tomical  structure  are  more  nearly  allied  to  Birds  than  I 
Amphibiana  Tlie  tnie  Amphibia,  on  the  other  hand,  at 
more  nearly  allied  to  the  Double-breathers  and  to  Primit'v 
Fishes :  tliey  are  also  much  older  than  Rojitiles.  Even  ■ 
early  aa  the  Carboniferous  Period  numerous  very  high); 
developed  Amphibia  (some  of  large  size)  were  extant,  whereal 
the  earliest  Reptiles  first  appear  only  towards  the  dose  t 
the  Permian  Period-  In  all  probability  the  Amphibia  wei 
developed  from  Double-breatbers  at  an  even  earlier  period— 
during  the  Devonian  Period.  The  extinct  Amphibia,  ( 
which  fossil  remains  have  been  preserved  from  that  moi 
ancient  Primfcval  Epoch — and  these  are  especially  numerou 
in  the  Trias — were  distinguished  by  a  large  bony  coat  of  ma] 
ovorlyiog  the  akin  (like  that  of  the  Crocodile),  while  moi 


of  tii«  jet  extant  Ampliibiaus  have  a  smooth  and  slippery 
skin.  The  latter,  also,  are  on  an  average  smoother  than  the 
fonner,  and  rauat  be  regarded  as  their  stunted  posterity. 

Among  the  Amphibia  of  tlie  present  time  we  are, 
therefore,  unable  to  find  any  forms  tliat  are  directly  referable 
to  the  pedigree  of  tlie  human  race,  or  that  are  to  te  re- 
garded as  ancestors  of  the  three  higher  Veitebrat©  classes; 
j-et»  in  important  points  of  their  internal  anatomical  etnic- 
tore,  and  espoeially  in  their  germ-development,  they  cor- 
respond 80  closely  with  us,  that  we  are  justified  in  affirming 
that  betwetn  the  Double-brcatlioiB  (Diimciisia)  on  the  one 
liaod,  and  the  three  higher  Vertebrate  classes  [grouped 
together  as  Amniota)  on  the  other,  there  existed  a  series  of 
extinct  intermediate  forms  which,  if  we  had  them  before  us, 
we  should  class  among  Amphibia.  The  whole  organization 
of  the  extant  Amphibia  represents  a  transitional  group  of 
this  kind.  In  the  important  matters  of  respiration  and 
circulation  of  the  blood,  they  are  still  closely  allied  to  the 
Duuble-breathei-fl,  although  in  other  rnspocts  they  rise  above 
the  lattor  Tliis  is  especially  true  with  respect  to  the  ad- 
vanced stnicture  of  their  limbs  or  extremities.  The  latter 
bere  for  the  first  time  appear  as  feet  with  five  digits.  The 
thorougli  researches  of  Gegenbaur  have  shown  that  the  fins 
of  Fuhe^  concerning  which  very  erroneous  views  ware  pre- 
viously bcM,  are  feet  with  numerous  digits ;  that  is  to  say, 
Um  s»*"er*l  cartilaginous  or  osseous  rays,  many  of  which  occur 
in  every  Fiah-fin,  correspond  to  the  fingers  or  digits  on  tlio 
linba  of  higher  Vcrtebratea.  The  several  joints  of  each  ray 
correspood  to  the  several  joints  of  each  digit.  In  the  Double- 
breathers  the  fin  yet  retains  the  same  stnicture  as  in  Fishes, 
and  it   wa-t  only  gradually  that  the  five-toed  form  of  foot. 
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which  oeems  for  the  fint  time  in  Amphibian^  « 
from  this  multi-digitate  form.  This  redoctioa  in  tl 
of  the  digits  from  tea  to  five  oocorred  in  those  Dipoeosll 
which  most  be  regarded  as  the  pareot-fimns  of  the  Amphibia 
probably  as  early  as  th«  latter  half  of  the  Deronian  Period— 
or,  at  latest,  in  the  immediately  suWcqaent  Carbomferoni 
Period.  Several  fossil  Amphibia  with  Gye  digits  have  already 
b<ieQ  found  in  the  strata  of  the  latter  period.  Fossil  fool^ 
prints  of  the  same  ntiimnlB  are  voty  numerous  in  ' 
Triaa  (Cherotheriun). 

The  great  significance  of  the  Gve  digits  depends  on  th» 
bet  that  this  nombcr  has  been  transmitted  from  th^ 
Amphibia  to  all  higher  Vertebrates.  It  would  be  impossiUt 
to  discover  any  reason  why  in  the  lowest  Amphibia,  aa  t 
as  in  Reptiles  and  in  higher  Vertebrates  up  to  Man, 
there  should  always  originally  be  five  digits  on  each  of  th 
anterior  and  posterior  limbs,  if  we  denied  that  heredlt; 
from  a  common  five-fingered  parent-form  is  the  efficienl 
cause  of  this  phenomenon :  heredity  can  aloue  account  foC 
it.  In  many  Amphibia,  certainly,  as  well  as  in  many  highd 
Vertebrates,  we  fiud  less  than  five  digits.  But  in  all  thea 
cases  it  con  be  shown  that  separate  digits  have  retrogradej 
and  have  fimJly  been  completely  lost. 

The  causes  which  effected  the  development  of  the  fiv^ 
fingered  foot  of  the  higher  Vertebrates  in  this  Amphibiai 
parent-form  from  the  many-fingered  foot,  must  certainly  I 
found  in  the  adaptation  to  the  totally  altei'cd  functicM 
which  the  limbs  had  to  discharge  during  the  transition  fnw 
an  exclusively  aquatic  life  to  one  which  was  partial^ 
terrestrial  Wbile  the  many-fingered  fins  of  the  Fish  1 
previously  served  almost   exclusively   to  propel  the   bo<i< 
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Ihrongli  the  water,  they  had  now  also  to  afford  support  to 
Uie  animal  while  creeping  upon  land.  This  efloctod  a 
modlBcation  both  of  the  skeleton  and  of  the  muscles  of 
the  limbs.  The  number  of  fin  raya  was  giadually  lessened, 
Rnd  was  finally  reduced  to  five.  These  five  remaining 
raya  now,  however,  developed  more  vigorously.  The  soft 
cartilaginous  raja  became  hard  bones.  The  rest  of  the 
skeleton  also  became  considerably  more  firm.  The  move- 
ments of  the  body  became  not  only  more  vigorous,  but 
also  more  varied.  The  separate  portions  of  the  skeleton 
Bystem,  and  consctjuently  those  of  the  muscular  system  also, 
became  more  and  more  differentiated.  Owing  to  the  intimate 
correlation  of  the  muscular  to  the  nervous  system,  the  latter 
•Isio  naturally  made  marked  progress  in  point  of  function 
and  Blructure.  We  therefore  find  that  the  brain  is  very 
much  more  developed  in  the  higher  Amphibia  than  in 
Fiahes,  in  Mud-fi.shes,  and  in  the  lower  Amphibia, 

The  organs  which  are  most  modified  in  consequence  of 
ma  amphibious  mode  of  life  are,  as  we  have  already  seen  in 
th«  Double-breathers  (Dipncusta),  those  of  respiration  and 
of  the  circulation  of  the  blood.  The  first  advance  in 
organization  necessitated  by  the  transition  from  aquatic  to 
teirestml  habits  of  life  was,  of  course,  the  formation  of  an 
air-breathing  organ,  a  lung.  This  developed  directly  from 
Uie  swimming-bladder  which  these  animals  had  inherited 
from  the  Fishes.  At  fii-st  the  function  of  this  organ  would 
be  quite  subordinate  to  the  more  ancient  organ,  used  for  the 
reaptration  of  water,  the  gills.  Hence  we  find  that  the 
lowest  Amphibia,  Uie  Gillcd  Amphibia,  like  the  Dipncusta. 
■peud  the  greater  part  of  their  lives  in  the  water,  and  that 
acoordiogly  they  breathe  water  through  gills.     Il  is  only 
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for  brief  intervals  that  they  rise  to  the  surface  of  the  wa( 
or  creep  out  of  the  water  on  to  the  land ;  and  at  these  Umea. 
they  breatlie  air  through  lungs.  Some,  however,  of  UM' 
Tailed  AmpLihians,  the  Axolotl  and  the  Salamander,  live 
exclusively  in  the  water  onlj-  when  young,  and  afterwards 
Uoually  remain  on  land  In  the  adult  state  they  breatbe 
only  air  through  lungs.  This  is  also  the  case  with  the  most 
highly  developed  Amphibians,  the  Frog-amphibia  (Fi-ogs  and 
Toads);  some  of  the  latter  have  even  entirely  lost  the 
gilled  larval  form.^  The  same  is  true  of  a  few  small 
snake-like  Amphibia,  the  C^ecilix,  which,  like  earth-womu^ 
live  in  the  ground. 

The  high  degree  of  interest  attached  to  the  natuni 
history  of  the  Amphibian  class  is  especially  due  to  the  fact 
that  they  hold  a  position  exactly  intermediate  between  the 
higher  and  Uie  lower  Vertebratea  While  the  lower 
pbibia  are  in  tlieir  whole  organization  directly  allied  to 
Dipneusta  and  the  Fishes,  living  mostly  in  the  water 
I  respiring  water  through  gills,  the  higher  Amphibia  are  so 
a  directly  related  to  the  Amnion  Animals,  for,  like  tl» 
latter,  they  live  mostly  on  land,  and  breathe  air  through 
lungs.  But  when  young  the  higher  forms  resemble  the  lower, 
and  only  attain  tbeir  own  higher  degree  of  development 
after  undergoing  complete  modification.  The  individual 
germ-history  of  roost  higher  Amphibians  still  accurate!/ 
reproduces  the  tribal  history  of  the  whole  class ;  and 
various  stages  of  modification  which  were  ni 
certain  low  Vertebrates  by  the  transition  from 
tenestrial  habits  during  the  Devonian  or  Carl 
Period,  are  still  to  be  seen  every  spring  in  each  Frog  as 
develops  from  the  egg  in  our  ditches  and  pools. 
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Like  the  Taileii  Salflmanders  (Fig.  193),  each  common 
Frifg  emerges  from  the  egg  in  a  larval  fnrm,  totaUy  different 
from  that  of  the  full-grown  Frog  (Fig.   104).     The  short 


Fib.  1M.— l,iir»»  of  Spotted  Lwid-Newt  {Salamaixdra  ma'vtal.t),  tmm  ' 
lilt  TomnU  iidu.    In  Uia  cuutr»  a  yolk-auo  jot  protrados  frnm  ibe  iaWatine. 
Tha  atornal  ^llii  are  prettily  bnuicli«l  and  trec-liko.     The  Ino  pairs  of 
y  IHuIh  >n  jBt  vrrj  anull. 

191. — Ijtm  at  the  Common  QntBa-FrDg  (Bana  tempararia),  a  V3- 
idtadpiiliii  m,  mouth;  r,s  itairof  nuclioo  oapA  ummI  In  olinginK  to  stODM) 
|[ii  Ai«^oU,  irbich  girm  Hite  to  the  gill-ruot;  behind  are  Ibp  {pIl-openiiiKi, 
n  which  tlu9  gJU  bnunbci  protrude ;  a,  (ftil-miui'leB;  /,  eluii'fold  of  the 
1,  funnia^  ■  Diat. 

vbnnk  is  produced  into  a  long  tail,  which  in  form  and  struc- 
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ture  resemljles  the  tail  of  &  Fieh  ($).  At  first  it  has  r 
limba.  Respiration  is  accQinpIished  solely  by  gills,  whiA 
are  at  first  external  (k)  and  aftei'wards  internal.  Con*- 
spondingly,  the  heart  is  also  of  the  same  form  as  in  t 
Fishes,  and  consists  of  only  two  conipartnienta — an  auricle, 
which  receives  the  venous  blood  of  the  body,  and  a  i 
tricle,  which  drives  it  through  the  arterial  bulb  into  ih* 
gilla 

Numbers  of  these  fish-like  Frog  larvie,  or  "  tadpoles,"  b 
they  are  called,  swim  about  every  spring  in  all  ponda  and 
pools,  using  their  muscular  tails  for  propulsion,  just  as  i 
done  by  Fishes  and  larval  Ascidians.  The  reniarkaU 
transformation  of  the  fish-like  form  into  that  of  the  Frci| 
does  not  take  place  till  after  the  tadpole  has  gi'uwn  to  I 
certain  size.  From  the  throac  grows  a  closed  sac  whid 
develops  into  a  pair  of  large  sacs;  these  are  the  '. 
The  simple  chamber  of  the  beait  ia  divided  into  two  auricle^ 
owing  to  the  formation  of  a  pai-tition  wall,  and  siiu 
taneously  considerable  changes  of  structure  occur  in 
main  arterial  trunks.  Previously  aU  the  blood  passed  £ 
the  heart-chamber  through  the  aorta  arches  into  the  gSii 
but  only  part  of  it  now  passes  to  the  gills,  while  anoth 
part  passes  through  the  newly  formed  lung  arUtries  into  tl 
luDgs.  From  the  lungs  arterial  blood  returns  into  the  h 
auricle  of  the  heart,  while  the  venous  blood  of  Uie  bo((] 
collects  in  the  right  auricle.  As  both  of  the  auricles  op< 
into  the  sim|)lo  ventricle,  the  latter  contains  mixed  bloo 
The  fish-like  form  has  now  passed  into  the  Dipneusta  fon 
During  the  further  course  of  modification  the  gills,  witi 
the  gill-vessels,  are  entirely  lost,  and  respiration  is  now  f 
formed  by  the  lungs  alone.     Tet  later,  the  long  tail  is  i 
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rejected,  and  the  Frog  now  l«aps  about  ou  the  l&nd  on  lega 
wliich  have  sprouted  in  the  mean  time.^'* 

This  remarkable  metamorphosis  of  the  higher  Amphibia 
Tery  inatructive  in  its  bearing  on  Slan'a  ancestral  history, 
ftnd  is  especially  interesting  owing  to  the  fact  that  the 
various  groups  of  extant  Amphibia  have  remained  stationary 
kt  various  stages  of  their  tribal  history,  which,  in  accord- 
ance with  the  fundamental  law  of  Biogeny,  are  reproduced 
in  thifl  germ-history.  First,  there  is  a  very  low  order  of 
Amphibia,  the  Gilled  Batrachians  (SozohrancMa),  which,  like 
I^h«s,  retain  their  gills  throughout  life.  To  this  order 
belong,  among  others,  the  well-known  blind  "Olm  "  of  the 
Adetsbcrg  Cave  (Proteus  anguhteiis),  the  Mud-eel  of  South 
Carolina  (Siren  lacertina),  and  the  Axolotl  of  Mexico  (6'ire- 
<loit  pitciformie;  Plate  XIII.  Fig,  1).  All  these  GiUed 
Batrachiana  are  fislidike  animals  with  long  tails,  and  in 
point  of  respiratory  organs  and  of  circulation  of  the  hlood 
they  remain  throughout  life  stationary  at  the  Dipneusta 
stage.  They  possess  both  gills  and  lungs,  and  can  either 
jespire  water  through  the  gills  or  air  through  the  lungs,  as 
eccasiun  requires.  In  another  order,  the  Salamanders,  the 
jgiiU  are  lost  during  metamorphosis,  and  in  the  aflult  state  air 
only  is  breathed  through  lungs.  This  order  bears  the  name 
trf  Tailed  Uatrachians  (Socura)  because  they  retain  the  tail 
Uinmghout  life.  To  this  order  belong  the  common  Water- 
JiuwU  (Triitm)  which  swarm  in  all  ponds  during  the 
and  the  black,  yellow-speckled  Land-Salaiuauderx 
[Saiamandra)  found  in  damp  woods  (Plate  Sill.  Fig.  2). 
arc  among  the  most  remarkable  of  our  indigenous 
sundry  anatomical  characters  proving  them  to  be 
lent  and    highly  conservative   Vertebrates.""     A 
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Few  T&iled  Batracluans  retain  the  gill-opening  id  the 
of  the  neck,  thouyh  the  gills  tbemselvca  are  lost  (Afeno- 
poma).  If  the  larvse  of  the  Salamanders  (Fig.  193)  and 
Tritons  are  compelled  to  I'cmain  in  water,  and  not  allowed 
to  get  on  land,  tliey  may,  under  favourable  conditions,  bo 
made  to  retain  their  gills.  In  this  fish-like  condition  tLe^ 
become  sexually  mature,  and  will  throughout  life  remaia 
compulsorily  in  the  lower  stage  of  development  of  tlw 
Gilled  Batracluans.  The  opposite  experiment  was  mads 
some  years  ago  in  the  case  of  the  Mexican  Gilled  Batn^ 
chtan,  the  fisb-like  Axolotl  (Siredon  pisciformis ;  Plato 
XIII.  Fig.  1),  This  animal  had  previously  been  regarde<l 
as  a  permanent  Gilled  Batrachian,  remaining  throughoal 
life  in  this  fisli-like  condition.  But  of  the  hundreds  of 
these  animals  kept  in  the  Jardin  des  Plantes  at  Paris,  a  few 
individuals,  for  some  unknown  reason,  crept  to  land,  lost 
tbeir  gills,  and  changed  into  a  form  closely  allied  to  that  of 
the  Salamander  {Amhlyiitoma,  Fig.  2).  In  this  state  they 
became  aexually  mature.*^  This  phenomenon,  which  at 
first  excited  a  Uvely  interest,  has  since  been  repeatedly 
observed  with  care.  Zook'gists  regarded  the  fact  aa  some- 
thing peculiarly  wonderful,  though  each  spring  every 
common  Frog  and  Salamander  passes  through  the  saiM 
modification.  In  these  animals  we  can  in  the  same 
follow  each  step  in  the  significant  metamoi-phosis  of 
aquatic  and  gill-rcs|)iring  animal  into  the  teiTcstrial 
lung-respiring  animal.  That  which  thus  takes  place  i 
individual  during  germ -evolution,  took  place  in  the 
way  in  Uie  whole  claas  during  the  coutBe  of  its 
history. 

The  metamorphosis  which  tak^s  place  in  the  tliird  ordi 
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©r  Amphibia,  the  Frojj  Batrachians  {Batradda,  or  Anuru), 
is  yet  more  complete  tlian  in  the  Salamanders.  To  these 
belong  all  the  various  kinds  of  Toads,  Water-frogs,  Tree- 
frogs,  etc  In  the  course  of  transformation  these  lose  not 
only  the  gills,  but  also  the  tail,  which  drops  off  in  some 
(&SC8  earlier,  in  others  later.  In  this  respect  the  various 
cpedea  differ  somewhat  from  one  another.  In  most  Frog 
Batrachians  the  larvre  drop  the  tail  veiy  early,  and  the 
tail-less  frog-like  form  subsequently  grows  considerably 
larger.  Other  species,  on  the  contrary,  as.  for  instance,  the 
PaeudcBpaTxidoxas  of  Biazil,  as  also  an  European  Toad  {Pelo- 
haUa/itscua)  remain  for  a  very  long  time  in  the  fish  form, 
uu)  retain  &  lengthy  tail  till  they  have  almost  attained 
their  full  size;  hence,  after  their  metamorphosis  is  com- 
pleted, they  appear  much  smaller  than  before.  The  opposite 
extr«me  is  seen  in  some  Frogs  but  recently  brought  under 
notice,  which  have  lost  the  whole  of  their  historic  meta- 
Biorphoseo,  and  in  which  no  tailed  and  gilled  Iar\'a  emei^s 
from  the  egg,  but  the  pftrfect  Frog,  without  tail  or  gills. 
These  Frogs  inhabit  isolated  oceanic  islands,  the  climate 
of  which  is  very  dry,  and  which  are  often  for  a  eon- 
nderable  length  of  time  without  fresh  water.  As  fresh 
mter  is  indispensable  forgill-respiring  tadpoles,  these  Frogi 
liave  adapted  themselves  to  this  local  deficiency  and  havt 
entirely  relim^uished  their  original  metamorphosis,  e^,. 
Mjfiodee  martinicensis?^ 

The  ontogenetic  loss  of  gills  and  tail  in  Fmgs  and  Toadf 

,  of  course  only  be  phylogenetically  explained  as  owing 

to  the  fart  that  these  animals  have  descended  from  long- 

luUrd   salftmander-like  Ainphibiana     This   is   also  proved 

beyond  doubt  by  the  Comparative   Anatomy  of  the  two 
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groups.    Tills  remarkable  traiii>fonDation  b,  id  otiier  respccUa 
also,  of  general  interest,  as  throwing  a  fiood  of  light  upon  tbs-l 
Phylogfny  of  the  Tail-less  Apes  and  of  Man.     Man's  anois- 
tors  were  also  long-tailed  gill-breathing  animals,  resembling 
Gilled  Batrachians,  as  is  irrefutably  demonstrated  by  t 
tail  and  the  gill  arches  in  the  human  embrya 

During  the  Palaeozoic  Epoch,  and  probab'y  in  the  Cm^ 
boniferous  Period,  there  is  no  doubt  that  the  Amphibiaal 
class  embraced  a  aeries  of  forms  which  must  be  regarded  « 
direct  ancestors  of  Mammals,  and  so  of  Man.  On  groundi 
derived  from  Comparative  Anatomy  and  Ontogeny,  we  must 
not,  however,  look  for  these  Amphibian  ancestors  of  c 
as  might  perhaps  be  supposed — among  the  Tail-less  Frog 
Batrachians,  but  only  among  the  lower  Tailed  Amphibian 
We  can  with  certainty  point  to  at  least  two  extinct  Batra 
chian  forms  as  direct  ancestors  of  Man,  as  the  thiiieendi 
and  fourteenth  stages  in  our  pedigree.  The  thirtccntA 
ancestral  form  must  have  been  closely  allied  to  the  Doublei 
breathers  {Dipncusta),  must,  like  these,  have  possessed  pe 
manent  gills,  but  must  have  been  already  characterized  fc 
having  five  digits  on  each  foot ;  and  were  they  still  living  n 
should  place  them  in  the  group  of  Gilled  Batrachians,  wit] 
the  Proteus  and  the  AxolotI  (Plate  XIII.  Fig.  1). 
fourteenth  ancestral  form,  on  the  other  hand,  raust  inde«J 
have  retained  the  long  tail,  but  must  have  lost  the  gUU,  a 
hence  the  nearest  allied  fonns  among  extant  Tailed  liatra 
chians  would  be  the  Water-Newts  and  Salamandm 
(Plate  XIII.  Fig,  2).  Indeed,  in  the  year  1725  the  I 
skeleton  of  one  of  these  extinct  Salamanders  (closely  alWei 
to  the  present  giant  Salamander  of  Japan)  was  descri)^ 
by   the   Swiss   naturalist,   Scheuchaor,  as  the  skeleton   i 
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a  fossil  Man  dating  from  the  Deluge  I  ("  Homo  diluvti 
testis."'") 

As  tie  Terttbiate  form  occurring  in  our  pedigree  imsK- 
diately  after  tbese  Batrachiaii  ancestors — and,  therefore,  aa 
the  6tlecath  stage — let  us  now  examine  a  lizard-like  aaimal, 
of  which  no  fossil  remains  have  been  obtained,  and  which 
is  not  even  proximately  repre^iented  in  any  extant  animal 
fonn,  but  the  former  existence  of  which  we  may  infer  with 
die  utmost  ceiiainty  trom  certain  comparative  anatomical 
and  ootogenetical  facta.  This  impoitant  animal  foim  we 
will  coll  the  Protamnion,  or  Primitive  Amniotic  aniaial. 
All  Vertclirates  higher  than  the  Amphibia — tliat  is,  the  three 
classes  of  Reptiles,  Birds,  and  Mammals — are  so  essentially 
distinct  in  their  whole  stiuctuie  from  all  the  lower  Verte- 
brmt^s  which  we  have  as  yet  considered,  and,  on  the  other 
band,  have  so  much  in  common,  that  we  may  class  them 
'titguther  in  one  group  as  Amnion  Animals  (Amnioto).  It  is 
only  in  these  three  classes  of  animals  that  we  find  that 
remarkable  envelope  of  the  embryo  known  an  the  amnion. 
(Cf.  vol  L  p.  386.)  The  latter  must  probably  be  regarded  as 
a  kenogenetic  adaptation,  bb  caused  by  the  sinking  of  tlie 
•mbryo  into  the  yerK-sac.*^ 

All  known  Amnion  Animaln,  all  BeptileB,  Birds,  and 
Mam  ma  I"  (Man  included],  coincide  in  bo  many  important 
points  of  organization  and  development  that  we  arc  fully 
justified  in  asserting  their  common  descent  from  a  single 
parent  form.  If  the  testimony  of  Comparative  Anatomy 
and  Ontogeny  is  entirely  untpiestionable  in  any  point,  it  is 
certainly  ao  here.  For  all  the  special  peculiaritit-s  and 
ehanKt«n,  which  appear  accompanying  and  following  the 
Cu:matioa  of   the    amnion,   and  which   we   found    in   the 
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development  of  the  human  embryo ;  all  the  many  peculuri- 
Ues  in  the  development  of  the  organs  which  we  Hhall 
presently  notice  in  detail ;  and,  finally,  tlie  chief  specif] 
arrangements  of  the  internal  structure  of  the  body  in  all 
fully  developed  Amnion  Animals;  all  these  so  clearly  demon- 
Btrate  the  common  origin  of  all  Amnion  Animals  from  a 
single  extinct  parent-form,  that  it  is  impossible  to  conceive 
their  origin  aa  polyphyletic,  and  that  they  originated  from 
several  independent  parent-fonns,  Tliia  unknown  common 
parent-form  is  the  Primitive  Amnion  Animal  {J*rolam- 
nion).  In  external  appearance  the  Protamnion  was  most 
probably  an  intermediate  form  between  the  Saiamanden 
and  the  Lizards. 

It  was  probably  during  the  Permian  Period  that  tie 
Protamnion  originated;  perhaps  at  the  beginning,  perhaps 
at  the  close  of  that  period.     This  we  know  from  the  fu( 
that  the  Amphibia  did  not  attain  their  Ml  development  till  ' 
ithe  Carboniferous  Period,  and  that  toward  the  close  of  Uw 
Permian  the  first  fossil  Reptiles  make  their  api>earance— 
■or,  at  least,  fossils  {Proterosaurus,  BJiopcdodon)  which  miut 
in  all  probability  be  referred  to  lizard-like  Reptiles.    Among  J 
the   great  and   pregnant  modifications  of  the   vertebi 
organization  determined  during  this  period  by  the  develoj 
ment  of  the  first  Amnion  Animals  from  salamaodor-lil 
Amphibians,  the  three  following  are  especially  importautn 
the  total  loss  of  water-breathing  gills  and  modificatioo  0 
the  glll-arebes   into   other  organs ;    the  formation   c^  \ 
allantois,  or  primitive  urinaiy  sac ;  and,  finally,  the  derel 
ment  of  the  amnion. 

The  total  loss  of  the  respiratory  gills  must  be  i 
AS  one  of  the  most  prominent  characters  of  all  t 
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Lmiaala.     All  these,  even   such  as  live  in  the  water,  e.g. 
holes,  respire  only  air  through  lungs,  never  water  through 

K'Ua,  While  all  Amphibians,  with  very  few  exceptions,  in 
e  young  state  retain  their  gills  for  a  longur  or  shorter 
iriod,  and  breathe  through  gills  for  some  time  (if  not 
ilways),  from  tliis  point  gUl-respiration  entirely  ceases. 
Iven  the  Protamnion  must  have  entirely  ceased  to  breathe 
■rater.  The  gill-arches,  however,  remain,  and  develop 
nto  very  different  organs  (partly  rudimentary) ;  into  the 
rious  parts  of  the  tongue-bone,  into  certain  portions  of  the 
tr  apparatus,  the  organ  of  hearing,  etc.  But  no  trace  of 
[ill-leaves,  of  real  respiratory  organs  on  the  gill-arches,  are 
ever  found  in  the  embryo  of  Amnion  Animals. 

With  this  total  loss  of  the  gills  is  probably  connected 
tlt«  formation  of  another  organ,  which  we  have  ahoady 
described  aa  occurring  in  human  Ontogeny ;  this  is  the 
•lUntois,  or  primitive  urinary  sac.  (See  vol,  i.  p.  379.)  In 
■11  probability  the  urinary  bladder  of  the  Dipneusta  is  to  be 
r^arded  as  the  first  beginning  of  the  allautois.  Even  in 
the  Ainorican  Mud-Bsb  (Lepidoalren)  we  find  an  urinary 
ttUdder,  which  grows  from  the  lower  wall  of  tlie  posterior 
extremity  of  the  intestine,  and  serves  as  a  receptacle  fur 
the  renal  secretions.  This  organ  has  been  inherited  by  the 
JUnphibia,  as  may  be  seen  in  any  Frog.  But  it  is  only  in 
(be  throe  higher  Vertebrate  claascs  that  the  allantois  attains 
i^>ccial  development;  in  these  it  protrudes  at  an  early 
period  from  the  body  of  the  embryo,  forming  a  large  sac 
filled  with  liquid,  and  travci'sod  by  a  consideiable  number 
of  targe  blood-vessels.  This  sac  also  discharges  a  portion  of 
the  nutritive  functions.  In  the  higher  Mammals  and  in 
tUn  tha  allantoia  afterwards  forms  the  placenta. 
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The  formatirm  of  the  amnion  and  the  oUantois,  U^ethfl 
with  the  total  loss  of  the  gilts  and  the  exclusive  adoptiol 
of  lun^-respiraticm,  are  the  most  important  charact«rs  I 
which  all  Amnion  Animals  are  distingaished  from  the  knr«f 
Vertebrates  which  we  have  been  considering.  In  addition 
to  these  there  are  a  few  subordinate  characters  which  &ra 
constantly  inherited  hy  Amnion  Animals,  and  are  altogethar 
wanting  in  animals  without  an  amnion.  One  striking  e 
hryonic  character  of  the  Amnion  Animals  is  the  great  ciu-v»i 
tore  of  the  head  and  neck  of  the  embryo.  In  the  Anamnia 
the  embryo  is  from  the  first  either  nearly  straight,  o 
the  whole  body  is  bent  m  a  sickle-shaped  curve  com* 
8p<inding  to  the  curvature  of  the  yelk  sac,  to  wliich  tU 
embryo  is  attached  by  ita  ventral  surface;  but  there  e 
no  marked  angles  in  the  longitudinal  axis  (Plate  VI 
Fig.  F).  In  all  Amnion  Animals,  on  the  contrary,  t^ 
body  is  very  noticeably  bent  at  an  early  age,  so  that  t 
back  of  the  embryo  la  much  arched  outwards,  the  hc$i 
pressed  almost  at  right  angles  against  the  breast,  and  t 
tail  inclined  on  to  the  abdomen.  The  tail  extremity,  as  i 
bends  inwards,  approaches  so  near  to  the  frontal  side  t 
the  head,  that  the  two  often"  nearly  touch  (Plates  VL  so 
VII.),  This  striking  triple  curvature  of  the  embi 
body,  which  has  already  been  considered  when  we  studiH 
the  Ontogeny  of  Man.  and  in  which  we  distinguished  H 
skull-curve,  neck-curve,  and  tail-eurve  (vol  i.  p.  371),  is 
fharaclerifitic  peculiarity  common  to  the  embryoa  of  i 
Beptiles,  Birds,  and  Mammals,  But  in  the  formation  of  b 
intemaJ  organs  also,  an  advance  is  observable  in  aU  Ui 
Amnion  Animals  which  ranks  them  above  the  highest  V 
the  non-amoionate  forms.     Above  all,  a  partition  w»U  forv 
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jritbin  the  simple  ventricle  of  the  heart,  dividing  it  into  a 
right  and  a  left  ventricle.  In  connection  with  the  complete 
petamorphosis  of  the  gill-archea,  a  further  development  of 
ihe  organ  of  hearing  takes  place.  A  considerable  advance 
■  also  Doticeahle  in  the  development  of  the  brain,  the  skele- 
ton,  the  muflcular  system,  and  other  parts.  Finally,  the  ' 
lecoR-straction  of  the  kidneys  must  be  regarded  as  a  most 
important  modificatioQ.  In  all  the  lower  Vertebrates  as  yet 
jonaidered,  we  have  found  the  primitive  kidneys,  which 
tppear  very  early  in  the  embryos  of  all  higher  Vertebrates 
1^  to  Man.  acting  as  a  secretory  or  urinary  apparatus.  In 
kmnion  Animals,  however,  these  early  primitive  kidneys 
Me  tlieir  function  at  an  early  period  of  embryonic  life,  and 
t  is  assumed  by  the  permanent  "  secondary  kidneys,"  which 
[row  out  of  the  terminal  portion  of  the  primitive  kidney 
beta. 

Looking  back  at  the  whole  of  these  characters  of  Amnion 
Lnimals,  it  is  impos!<ihle  to  doub'  that  all  animals  of  tliis 
proup,  all  Reptiles,  Birds,  and  Mammals,  Jiad  a  common 
bi^n,  and  constitute  a  single  main  division  of  kindred 
btXDs.  To  this  division  belongs  our  own  race  In  his 
rbole  organization  anil  germ-history  Man  ia  a  true  Amnion 
limsl,  and,  in  common  with  all  other  Amniota,  ha^ 
from  the  Protaranion.  Although  thJs  whole 
laled  at  the  end,  or  perhaps  even  in  the  middle, 
FftUcozoic  Epoch,  it  did  not  attain  its  full  dc- 
and  its  full  perfection  till  the  Meaozoic  Epoch. 
be  two  eUsses  of  Birds  ami  Mammals  then  first  appeared. 
for  did  the  Reptilian  class  develop  in  its  full  variety 
itil  the  Mesoitoic  Epoch,  which  is,  therefore,  called  the  "Age 
'  R«ptJIe&"     The  unknown  and  extinct  Protamnion,  the 
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parent-form  of  lue  entire  group,  miiat  have  been  very  nculjr 
ftllietl  to  the  Reptiles  m  its  whole  organization,  even  though 
I  it  cannot  be  regarded  as  a  true  Reptile  in  the  present 
I  meaning  of  the  terra.  Of  all  known  Reptiles,  certain  Lizanli 
are  most  nearly  allied  to  the  Protamnion ;  and  in  ih» 
outward  form  of  ila  body  we  may  imagine  the  latter 
an  intermediate  form  between  the  Salamander  and  tb« 
Linard.™ 

The  Comparative  Anatomy  and  Ontogeny  of  the  Am- 
nionate  group  clearly  explains  its  genealogy.  The  gmap 
which  directly  descended  from  Protamnion  gave  rise  to  two 
divergent  branches.  The  first  of  these,  which  will  in  future 
receive  oar  whole  attention,  forms  the  Mammalian  grouj^ 
The  other  branch,  which  assumed  an  entirely  different  coaras 
of  progressive  development,  and  which  is  connected  with 
the  mammalian  branch  only  as  the  root,  is  the  compre* 
hensive  group  constituted  by  Reptiles  and  Birds.  The  two 
latter  forms  may  bo  classed  together  as  Monocondylm,  at 
Sauvopsiihe.  The  common  parent-form  of  these  is  an 
extinct  lizard-like  Reptile.  From  this,  the  Serpents,  Croco- 
diles, Tortoises,  Dragons,  etc. — in  short,  all  the  various  forms 
of  the  Reptilian  group — developed  in  different  dlreetioid. 
The  remarkable  group  formed  by  the  Birds  also  developed 
directly  from  an  offshoot  of  the  Reptilian  group,  as  is  now 
definitely  proved.  Down  to  a  late  time  the  embryos  al 
Reptiles  and  of  Birds  are  yet  identical,  and  even  later  they 
are  in  some  respects  surjirisingly  similar.  (See  Plate  VI. 
T  and  C.)  In  their  entire  organization  the  resembl 
between  the  two  is  so  great  that  no  anatomist  now  d( 
that  the  Birds  originated  from  Reptiles.  The  Mammalii 
line  is  connected  at  ita  roots  with  the  Reptilian  lin^  bi 
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afterwards  diverged  entirely  from  the  latter,  and  developed 
in  an  entirely  peculiar  direction.  The  highest  result  of  the 
development  of  the  Mammalian  line  is  Man^  the  so-called 
^  Crown  of  Creation.* 


CHAPTER  XIX. 

THE  PEDIGREE  OF  MAN. 

IV.  Fbom  the  Primihyb  Mammal  to  thb  Afb. 

The  Mammalian  Character  of  Man. — Common  Descent  of  all  V^^miwalf 
from  a  Single  Parent-form  (Promammalian). — Biforoation  of  the  Am 
nion  Animals  into  Two  Main  Lines :  on  the  one  side.  Reptiles  and  BirdSi 
on  the  other,  Mammals. — Date  of  the  Origin  of  Mammals :  the  Trias 
Period. — The  Three  Main  Qronps  or  Sab-classes  of  Mammals :  their 
(Genealogical  Relations. — Sixteenth  Ancestral  Stage;  Cloooal  Animals 
{Monotremata,  or  Omithodelphia), — The  Extinct  PrimitiTe  Mammals 
{Promammalia)  and  the  Extant  Beaked  Animals  (flmithaatama). — 
Seventeenth  Ancestral  Stage :  Ponched  Animals  {Mar$upialia,  or  Didti- 
phia). — Extinct  and  Extant  Poncbed  Animals. — Their  Intermediate 
Position  between  Monotrcmes  and  Placental  Animals. — Origin  and 
Stmctore  of  Placental  Animals  (Placentalia,  or  Monodelphia). — Form^ 
tion  of  the  Placenta. — ^The  Decidaons  Embryonic  Membrane  (Dscidaca). 
— Group  of  the  Indecidua  and  of  the  DtcidAuita. — The  Formation  of  tlia 
Dccidua  (verat  serotina,  refiexa)  in  Man  and  in  Apee. — Eighteenth 
Stage:  Somi-apes  {Prosimics). — Nineteenth  Stage  :  Tailed  Apea  (Iftiio* 
cerca), — Twentieth  Stage  :  Man-like  Apes  {Anthropoides), — Speechless 
and  Speaking  Men  (Jlfali.  Hominet), 

**  A  centnry  of  anatomical  research  brings  ns  back  to  the  eonoliuion  of 
LinnaDuSi  the  groat  lawgiver  of  systematic  zoology,  that  man  ia  a  member 
of  the  same  order  as  the  apes  and  lemurs.  Perhaps  no  order  of  "*^-»'**fH 
presents  us  with  so  extraordinary  a  series  of  gradations  as  this,  leading  os 
insensibly  from  tho  crown  and  summit  of  the  animal  creation  down  to 
creatures  from  which  there  is  bat  a  step,  as  it  seems,  to  the  lowest,  smallest, 
and  least  intelligent  of  the  placental  mammalia.    It  is  as  if  naiore  herself 


"Kis'a  PLACE  IS   NATDEE.  I4I 

b^  tertaitea  tbe  ftrrogancfl  of  man,  ami  with  Romftn  get-erity  bad  provided 
tliu  bia  mtellcct,  b;  its  rer;  triumphs,  should  call  into  proinincnce  tbe 
•la^eB, adnuuiiihiug  the  oouiiacnir  that  be  i*  but  dust. " — Tuouas  Ulillei 

JUfONO  tibose  zoological  facts  which  afford  us  points  of 
Btipi>ort  in  researches  into  the  pedigree  of  the  human  race, 
the  position  of  Man  in  the  Mammalian  class  is  one  of  the 
most  important  and  fundamental.  Much  as  zoologists  have 
long  disagreed  in  theu-  opinions  as  to  Man's  particular  place 
in  this  class,  and  especially  in  their  ideas  of  his  relation  to 
the  most  neatly  related  group,  that  of  the  Apes,  yet  no 
naturalist  has  ever  doubted  that  Man  is  a  genuine  Mammal 
in  the  whole  structure  and  development  of  his  body.  Every 
anatomical  museum,  every  manual  of  Comparative  Anatomy, 
ft^iinls  proof  that  the  structure  of  the  human  body  shares 
kII  those  peculiaiities  which  are  common  to  all  Mammals, 
And  by  which  the  latter  ai-e  definitely  distinguished  from  all 
other  animala. 

Now,  if  we  examine  this  established  anatomical  fact 
phyiogenetitally,  and  in  the  light  of  the  llieory  of  Descent, 
we  arrive  immediately  at  the  conclusion  that  Man  is  of  a 
immoD  stock  with  all  the  other  Mammals,  and  springs 
a  root  common  to  them.  The  various  characteristics 
wliid)  ell  Mammals  coincide,  and  in  which  they  difier. 
IWmi  all  other  animals,  are,  moreover,  of  such  a  kind,  that  a 
Ijrpbyletic  hypothesis  appears  in  a  special  degree  inad- 
in  their  case.  It  is  inconceivable  that  all  existing 
ict  Mammals  have  sprung  from  several  diHerent 
inally  separate  root-forms.  We  are  compelled,  if 
any  way  acknowledge  the  Theory  of  Evolution,  to 
le   the   luouophyletic  hypothesis,  that  all   Mammala, 
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inclii'iiiig  Han.  mosl  be  traced  from  a  nngle  oommon  mam- 
malian parent-form.  This  long  extinct  prinueyal  root-forni 
and  its  imm€*iiate  descendants — ^which  difier  from  each 
other  hardly  more  than  do  several  species  of  one  genus — ^wa 
will  call  Primitive  Mammals  (Promammalia).  As  we  have 
already  seen,  this  root-form  developed  from  the  ancient 
parent-form  of  the  Primitive  Amnion  Animals  in  a  directioo 
wholly  didferent  from  that  followed  by  the  Reptile  groups 
which  afterwards  gave  rise  to  the  more  highly  developed 
class  of  Birds.  The  differences  which  distinguish  ^•^mmak 
on  the  one  side,  from  Reptiles  and  Birds  on  the  other^  are  so 
important  and  characteristic,  that  we  may  quite  safely  as- 
sume a  bifurcation  of  this  kind  in  the  vertebrate  family  treei 
Reptiles  and  Birds — which  we  classed  together  as  Monoam' 
dylia,  or  Sauropsida — coincide  entirely,  for  instance,  in  the 
characteristic  structure  of  the  skull  and  brain,  which  is 
strikingly  dissdmilar  from  that  of  the  same  parts  in  Mam- 
mals. In  Reptiles  and  Birds,  the  skull  is  connected  with  the 
first  cer\ncal  vertebra  (the  atlas)  by  a  single  joint-process 
"condyle)  of  the  occipital  bone;  in  Mammals,  on  the  oon- 
trar\'  (as  in  Amphibians),  the  condyle  is  double.  In  the 
former,  the  under  jaw  is  composed  of  many  parts,  and  is 
connected  with  the  skull  by  a  pectdiar  bone  of  the  jaw 
(the  square  bone)  so  as  to  be  movable ;  in  the  latter,  on  the 
contrary,  the  lower  jaw  consists  of  but  two  bone-pieces, 
which  are  directly  attached  to  the  temporal  bone.  Again, 
the  skin  of  the  Sauropsida  (Reptiles  and  Birds)  is  coverod 
with  scales  or  feathers,  that  of  the  Mammak  with  hair. 
The  red  blood-cells  of  the  former  are  nucleated,  those  of  the 
latter  non-nucleated.  The  eggs  of  the  former  are  veiy 
large,  are  provided  with  a  large  nutritive  yelk,  and  undeigo 
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discoidal  cleavage  resulting  in  a  Disc-gastrula ;  the  eggs  of 
the  latter  are  very  small,  and  their  unequal  cleavage  results 
in  the  formation  of  a  Hood -gas  trula.  Finally,  two  charac- 
ters entirely  pecriliar  to  Mammals,  and  by  wliich  these 
are  distinguished  both  from  Birds  and  Reptiles  and  from  all 
other  animals,  are  the  presence  of  a  complete  diaphragm, 
and  of  the  milk -glands  (mammce),  by  means  of  wliich  the 
iiew-bom  yoimg  are  nourished  by  the  milk  of  the  mother. 
It  is  only  in  Mammals  tliat  the  diaphi-agm  forms  a  transverse 
port  it  ion -wall  across  the  body-cavity  {cmloma),  completely 
Mparating  the  chest  ft-om  the  ventral  cavity.  (Cf,  Piat«  V. 
Vig.  \G  z.)  It  is  only  among  Mammals  that  the  mother 
ncturiahes  the  young  with  her  milk  ;  and  the  whole  class  are 
well  named  from  this. 

T1i<>so  important  facta  in  Comparative  Anatomy  and 
Ontogeny  clearly  show  tliat  the  ttibe  of  Amnion  Animals 
XAmniota)  bifurcated  from  the  very  first  into  two  main 
diverging  Unea ;  on  the  one  side,  the  Reptilian  line,  from 
which  tlie  Bii-ds  afterwards  developed;  on  the  other  side, 
Ute  Mammalian  line.  The  same  facts  also  prove  as  indu- 
bitably that  Man  originated  from  the  latter  line.  For  Man, 
tn  common  with  Mammals,  shares  all  the  characteristics  wo 
bsve  mentioned,  and  is  distinguished  by  them  from  all 
'«ther  animala.  And,  finally,  these  facts  indicate  as  certainly 
thiMte  advances  in  vertebiate  structure  by  which  one  brancli 
of  the  Primitive  Amnion  Animals  developed  into  the  parent- 
fitrm  *>(  Mammals.  The  most  prominent  of  these  advances 
'wre  (1)  the  characteristic  modification  of  the  skull  and 
1)nin ;  (2)  the  formation  of  a  covering  of  hair ;  (3)  the  coiu- 
pletv  development  of  the  diaphragm ;  and  (4)  the  formation 
the  milk-glands  and  the  adaptation  to  the  suckling  of 
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the  young.     lalimately  connected   with   these,   other  i 
portaat  structural  modifications  gradually  occurred. 

The  period  at  which  these  important  advances,  vrhich 
laid  tlie  firet  foundatioQ  of  the  Mammalian  claaa,  took  plaoa^ 
may  most  pruliably  be  placed  in  the  first  part  of  tba 
Uesolithic,  or  Secondary  Epoch,  in  the  Triassic  Penol 
For  the  oldest  known  fosail  remains  of  Mammals  < 
sedimentary  rock -strata  of  the  most  recent  de|>ositja  of  tb 
Triassic  Period,  iu  the  upper  Keuper.  It  Ls  possihl^ 
indeed,  that  the  parent-formB  of  Mammals  may  h^n 
ajipeared  earUer  (|)erha.ps  even  at  the  close  of  the  Paheo 
litluc  Epoch,  in  the  Permian  Period).  But  no  fossil  remainv 
of  Mammals  belonging  to  that  penod  are  as  yet  i 
Throughout  the  MesoUthic  Epoch,  throughout  the  Trtafsi^ 
Jurassic,  and  Calcareous  Periods,  fos-iil  remains  of  i 
are  very  scarce,  and  iti'licat«  a  very  limited  duvelopmei 
of  the  whole  class.  During  this  Mesolithic  Epoch.  Reptila 
play  the  chief  part,  and  Mammals  are  of  quite  secondu] 
importance.  It  is,  however,  especially  significant  i 
interesting,  that  all  mammalian  fossil  remains  of 
Mesozoic  Epoch  bolong  to  the  older  and  inferior  divisioi 
of  Pouched  Animals  (Marsupial in),  a  few  proliably  evia 
to  the  yet  older  division  of  the  Cloacal  Animals  (MoM 
trema).  Among  them,  no  traces  of  the  third  and  moa 
highly  developed  division  of  the  Mammals,  the  Placenta 
Ajiimats,  have  as  yet  boen  found.  The  last,  to  which  Ha 
l>elongB,  are  much  more  recent,  and  their  fossil  remains  i 
not  occur  till  much  later — in  the  succeeding  CfctnoUthi 
Epoch ;  in  the  Tertiary  Period,  This  palteontological  li 
ia  very  significant,  because  it  harmonizes  perfectly  witi 
that  order  of  the  development  of  ^lammals  which  ta  nn 
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■nistftkably  Inilicated  by  Comparative  Anatomy  and  Onto- 
reny. 

Theee  sbow  that  the  whole  Mammalian  class  is  divisible 
into  tliree  main  groups,  or  sub-classes,  corresponding  to 
i  Buccttssive  stages  of  phylogenetic  evolution.  These 
liree  stages,  which  consequently  represent  three  important 
ineeali^  stages  in  the  human  pedigiee,  were  first  dis- 
liii^aishcd  in  the  year  1S16  by  the  celebrated  French 
soologisl,  BlainvUlc,  who  named  them,  according  to  the 
difierent  structure  of  the  female  organs  of  reproduction, 
OmUhodelphia,  Duhslplua,  and  Monodclpkia  {BtXipOc, 
vliich,  being  interpi-eted,  ia  uUrus).  It  ia  not,  however, 
only  in  the  varied  structure  of  the  sexual  organs  that  these 
(  classes  differ  from  one  another,  but  in  many  other 
wets  also,  80  that  we  can  safely  maintain  the  important 
ihylogenetio  statement :  The  Monodelphia,  or  Placental 
jiimals,  have  descended  from  the  Biddphta,  or  Pouched 
jiitnais;  and  the  latter,  again,  have  descended  from  the 
Ulou^al  Animals,  or  Ornitkodflphia. 

Accordingly  we  have  now  to  consider,  aa  the  sixteenth 

Mtral  stage  in  the  human  pedigree,  the  oldest  and  lowest 

,   group  of  Mammals;   the    sub-class   of  the   Cloocnl 

aini&U  (^Monolremala,  or  OrnlUioddphiu).    Thoy  are  so 

tmod  in  consequence  of  the  cloaca,  which  they  have  in 

mmon  with  the  other  lower  Vertebrates.     This  ao-calJed 

im  U  the  common  excretoiy  channel  for  the  excrement, 

,  and   the   si-xual   products   (Fig.   32").     For,  in 

,  Animals,  the  urinary  duct  and    the  sexual 

;  open  into  the  posterior  parts  of  the  intestine, 

B  in  all  tither  Mammals  they  are  wholly  separated  from 

B  rectum  and  onus,  and  open  by  a  special  orifice  (/«»■« 
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wrogenitaliB),  The  urinary  bladder  in  the  Monotrtiines 
ojiena  into  the  cloaca,  and  is  separate  (rom  the  two  utii 
ducts  C^ig.  327,  ro) ;  in  all  other  Mammals  the  Jitter  opoo 
directly  into  the  urinary  bladder.  The  structure  of  the 
milk-glands,  by  means  of  which  all  Mammals  suckle  tln'ir 
new-bom  young  for  a  time,  is  also  quite  peculiar  in 
the  Cloaca!  Animals.  In  them  the  milk  gland  ba3  do 
nipple  which  the  young  animal  can  suck ;  tlmre  is  only 
a  peculiar  sieve-like  place  in  the  skin,  perforated  witli 
holes  through  which  the  milk  passes  out,  and  from  which 
the  young  animal  Las  to  lick  it  For  this  reason  they 
have  also  been  called  Nipple-less  Mammals  (Amasta), 
Again,  the  brain  of  the  Cloacal  Animals  has  remained  at  » 
much  lower  stage  of  development  than  that  of  any  oth«T 
Mammal  The  fore-brain,  or  cerebrum,  is  so  email  that 
it  does  not  overhang  the  hind-brain,  or  cerebellum.  In  tin 
skeleton  (Fig.  IOC),  the  structure  of  the  shoulder  girdle,  m 
well  as  of  other  parts,  is  remarkable,  differing  entirely  from 
the  same  part  in  other  Mammals,  and  resembling  rather 
those  of  the  lower  Vertebrates,  especially  Reptiles  and 
Amphibians.  Like  the  latter,  the  Cloacal  Animals  have  ft 
wall-developed  coracoid  bone  {coracoideum),  a  strong 
uniting  the  shoulder-blade  with  the  breast-bone.  Id  ill 
other  Mammals  the  coracoid  bone  (as  in  Man)  has  degcofr- 
rated,  has  coalesced  with  the  shoulder-blade,  and  appeals 
only  as  an  insignificant  process  of  the  latter.  Tliuee  toA 
many  other  less  striking  peculiarities  prove  beyond  doubfc 
that  the  Cloacal  Animals  occupy  the  lowest  rank  amoi^ 
&Iammals,  and  represent  a  direct  intermediate  form  between 
the  Protamnia  and  other  Mammals.  All  these  marked  AiB< 
phibian  characters  must  have  been  present  in  the  parent 
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form  of  tbe  whole  vertebrate  cliiss,  in  th«  Primitive 
Mammal,  by  whicli  they  must  have  bovo  inheritad  fix>iu 
the  Primitive  AmuioD  Animals. 

Iluriog  the  Triasiic  and  Junadc  Periods,  the  mb~da» 
of  the  Ooacal  Animals  seems  to  have  been  i«presient«d  by 
many  Primitive  TW«mm«h  of  very  varied  fonn.  At  present 
it  is  re[n«seDted  only  by  two  isolated  members,  which 
•re  grouped  together  as  tbe  Beaked  Animal  family  (Omi- 
lAoitonui).  Both  of  these  are  confined  to  Australia  and  the 
ne^bboaring  island  of  Van  Diemen's  Land,  or  Tasmania ; 
both  ue  becoming  less  numerous  year  by  year,  and  will 
aooB  be  cUased,  with  all  tlielr  blood  relations,  among  the 
extinct  bt''""'*''  of  our  globe.  One  of  these  forms  passes 
its  life  swimming  about  in  rivers,  and  builds  suliterrsnean 
dwelUngs  on  the  banks:  this  is  the  well-known  Duck- 
billed Platypus  (OiTiii/iojAyiicAua  parailoxits) :  it  is  web- 
footed,  has  a  thick,  soil  skin,  and  broad,  flat  jaws,  whieli 
very  much  resemble  a  duck's  bill  (Figs.  195,  196),  The 
other  form,  the  Porcupine  Ant-eater  (EcJiUina  hyatvix),  much 
nsombles  the  Ant-eaters,  in  its  mode  of  life,  in  the  cha- 
racteristic form  of  its  slender  snout,  and  in  the  great  length 
of  its  tongue;  it  is  covered  with  prickles,  and  can  roll  itself 
np  into  a  ball  like  a  hedguhog.  Neither  of  these  extant 
Beaked  Animals  possesses  tiiie  bony  teeth,  and,  in  this 
point,  they  resemble  the  Toothless  Mammals  {lidenlaia). 
The  absence  of  teelh,  togetlier  with  other  peculiarities  of 
tha  Omithostomata,  is  probably  the  result  of  cominratively 
recent  adaptation.  Those  extinct  Cloaca]  Anima's  which 
embraced  the  parent-forms  of  the  whole  Mammalian  clans, 
the  Promammalia,  must  certainly  have  been  jtronded  with 
A  developed  set  of  teeth,  inherited  lixim  Fi^ca."*    Soma 
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■niall  single  molars,  found  in  the  uppermost  strata  of 
the  Keuper  formation  in  England  and  Wuiiemberg,  and 
which  are  the  oldtat  known  vertebrate  remains,  probably 
Wong  to  tlitae  primieval  Proinammalia.  These  teeth,  by 
tbeir  form,  indicate  species  that  Lived  on  insects ;  the  species 
has  been  called  Jllicrolestes  antiqims.  Teeth  belonging  to 
Knottier  closely  allied  Primitive  Mammal  (BromaUieriuvi 
rtttxnirv)  have  recently  been  discovered  in  the  North 
Ajnericnn  Trias. 

On  the  one  hand,  the  still  extant  Beaked  Animals,  and,  on 
the  oiber,  the  parent-fonns  of  the  Pouched  Animals  {Mar- 
anpialia,  or  DUklpkia),  must  be  regarded  as  representing 
two  distinct  and  divergent  lines  of  descent  from  the  Pro- 
atuunmalio.  This  second  Mammalian  sub-class  ia  very 
intecesting  as  a  perfect  link  between  the  two  other  sub- 
While  the  Pouched  Animals,  on  the  one  side,  retain 
of  tlie  characters  of  the  Cloacal  Animals,  they  also, 
Uie  other,  possi'ss  many  placental  characters.  A  few 
chamcters  are  quite  peculiar  to  Pouched  Animals  alone ; 
tacli,  for  instance,  is  the  structure  of  the  male  and  female 
organs,  and  the  form  of  the  lower  jaw  The  dis- 
tinctive  feature  of  the  latter  in  these  Pouched  Animals  is  a 
lliar  book-shaped  bony  pi-occaa,  pa>Haing  inward  hori- 
frnra  the  angle  of  the  lower  jaw.  As  neitbei- 
Animals  nor  Placental  Animals  have  this  process, 
ictnre  is  alone  sufficient  to  distinguish  the  Pouched 
(Marffupialia).  Nearly  all  the  known  mammalian 
fossUa  frnm  tlic  Jurassic  and  Cretaceous  formation  are  lower 
jawiL  Our  whole  knowledge  of  numerous  mesolitluc  mam- 
malift,  the  formor  existence  of  wliich  would  othei'wise  never 
Uave  heen  known,  is  solely  derived  from   their  fossilized 
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a-v^  ztj  frLz^jucX  of  tht  went  of  their  bodies  having 
'te=n  ri^siTT^L  JL»;r-iiz:^  to  the  logic  usually  applied  to 
Ziii&:z.Zf:i:*zj  ij  tL*  *e3act*  oppMients  of  the  theory  of 
•cT.*:^d:{i.  ilrr  Liidr»i!i^  drawn  firom  this  iact  would  be 
Hj^  zL^:^  ^Llzil-jliIs  Lari  &>  looes  exeepi  lower  jawa.  The 
:r:r,^rkAlI-e  clrT.^:izL2Cazice  i^  after  all,  very  easily  accounted 
f:«r.  TLc  Iiwtr  j;iw  of  li.tmmah  being  a  solid  and  excep- 
Lv  Lsri  b*:r.*»«  c>at  verr  looselr  attached  to  the  skull,  it 
i«r:j.chrii  fr\:'3:i  the  carcase  as  the  latter  is  carried 
•l^wn  ly  soix>e  river,  and.  falling  to  the  bottom,  is  retained 
in  the  mul  TLe  rest  of  t^ie  carcase  is  carried  on  further, 
and  is  graloAlIy  d<rstr>:*yed.  As  all  the  mAmnntli^n  lower 
jaws  f:an«i,  in  Ec.-Isn'J.  in  the  Jurassic  strata  of  Stonesfield 
and  Purl-rck,  exhic  i:  this  peculiar  process  characteristic  of 
the  Pouched  Animals  }Iar$mpialia\  we  may  infer,  fiom 
tiiLj  j-alt'inr  'I\:ioal  :"act.  that  they  belonged  to  Marsupials. 
No  Placental  Aiiiri>a!s  &{>i<ar  to  have  existed  during  the 
Mes'jiithic  £[  C'ch.  At  least  no  fossil  remains,  undoubtedly 
Wlon^^ng  to  tLese  and  dating  from  that  epoch,  are  known. 
The  extant  Pouched  Animals,  tlie  most  generally  known 
of  which  are  the  gramnivorous  Kangaroos  and  the  carni- 
vorous PijuchoJ  Rats,  Jisi^lay  very  considerable  difTercnce  in 
thvir  organ iziLt ion,  in  the  form  of  their  bodies  and  in  size, 
aii'l  in  many  respects  coirespond  to  the  several  orders  of 
Plae^.ntal  Animals.  The  great  majority  of  them  livo  in 
Au-5tralia,  in  New  Holland,  and  in  a  few  of  the  Australian 
and  South  A>i<itic  islands;  some  few  species  occur  in 
America.  On  the  other  hand,  there  is  no  lon"«r  a  sinde 
indigenous  Pouched  Animal  on  the  continents  of  Asia»  of 
Africa,  or  of  Europe.  The  case  was  very  diHerent  during  the 
MeHolitliic,  and  also  during  the  earlier  Cseuolithic  £]K)cha 
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Tbe  Nejitunian  tlcposita  of  these  epoclis  in  all  quarters  uf 
the  globe,  and  evan  in  Europe,  contmu  abundant  iiiat-supiii] 
IS  in  great  variety,  Bome  oi  them  being  uf  vt-ry  laryu 
UBi.  Fridn  thif  we  ma}  infer  that  the  extant  Puuche>l 
Animab  arc  but  the  last  remnant  of  a  group  which  waa 
once  much  more  widely  developed,  and  which  waa  dis- 
tributed over  the  whole  surface  of  the  globe.  During  the 
Ttrtiary  Period,  these  auccumbed  in  the  struggle  for  life 
with  the  fitmnger  Placental  Animala,  and  the  survivors  were 
gndually  driven  back  by  the  latter  into  their  present 
nsUictcd  area 

From  the  Comparative  Anatomy  of  the  extant  Pouched 
Animals,  very  important  conclusions  may  be  drawn  as  to 
Uioir  phylogenetic  intermediate  position  between  Cloacal 
Animab  and  Placental  Animala.  The  incomplete  develop- 
Micnt  of  the  brain,  especially  of  tlie  fni-c-bi-ain  (cerebT^m), 
ti\ts  putise:«iion  of  marsupial  Ixiiies  (uNxa  murnupiuHa),  tbe 
vimple  structure  of  the  allantois  (wliicli  does  not  as  yet 
develop  a  placenta),  with  many  other  chaiaclere,  have  been 
mtturit^d  by  the  Pouched  Animals  from  Cloacal  Animals. 
On  the  otliej'  hand,  tliey  have  lost  the  independent  coracoid 
bone  (ofl  eoTucouttum)  attached  to  the  shoulder  girdle.  A 
more  impoitant  step  consists  in  the  fact  that  a  cloaca  va  no 
loiter  formed ;  the  cavity  of  the  rectum,  together  with  the 
analopeniiig,  is  separated  by  a  partition  wall  from  the  uriuarv 
and  aexiiol  opi-Jiing  (sinus  urfx/enitulis).  Moreover,  all 
Ponehcd  AniniaU  dt^velop  special  ni]>plcs  on  the  milk-glandK, 
which  arc  snoked  by  Uie  young  after  birth.  These  nipples 
pmjeoi  into  the  cavity  of  a  pouch,  or  marsupium,  in  the 
ventral  side  of  the  mother.  This  ]>ouch  is  eup|iorted  by 
ft  couplu  of  marsupial  lx>nes.     In  it  the  young,  which  are 
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ins  tlie  heij-Iit  of  a  man,  the  embryo  develops  in  the 
but  for  a  month ;  it  ia  tht^n  bom  in  a  very  incomplete 
idition,  and  attains  all  ita  further  developmunt  in  the 
liber's  pouch,  where,  for  about  nine  mouths,  it  remains 
,ched  to  the  milk-glands. 

Al\  these  and  other  characters  .especially  the  peculiar 
Vucture  uf  the  internal  and  external  sexual  organs  of  the 
and  female)  clearly  show  that  the  whole  sub-class  of 
Poucbe<l  Animals  {MarsajnaVia)  are  a  single  group, 
bidi  originated  from  tlie  promammalian  branch.  From  a 
of  these  Pouched   Animals  (perhaps  from  several 

i)   tlie  (>areat-fiirms    of  the    higher   Mammals,  the 

^H|^tal  Animals,  afterwaixls  sprang.      Hence   we  must 

^^^^h  whole  series  of  Pouched  Animals  among  the  an- 

^^^Br  the  human  race ;  and  these  constitute  the  seveu- 

^u  stage  in  the  human  pedigree."'^ 

The  remaining  stages  of  our  ancestral  line,  from  the 

jfatctnth  to  the  twenty-second,  all  belong  to  the  group  of 

scental   AnimaU   (f'lacentalia).      Thia   very   highly   de- 

lopiKl  grouii  of  Mammals,  the  third  and  last,  came  into 

world  at  a  considerably  later  period.     No  single  known 

III,  belonging  to  any  jwrtion  of  the  Secondaiy  or  Meso- 

lic  Epoch,  can  be  referred  with  certainty  to  a  Placental 

nioui],  while  we  have  plenty  of  placental  fossih  dating 

I  everj  part  of  the  Tertiary  or  Cienolithic  Ep()ch,    From 

piJa^ontological  fact  we  may  provisiim.illy  inl'ei  that  the 

lird  and  last  main  division  of  MammaLs  did  not  develop 

m   the   Pouched   Animals   until   the   beginning   of   the 

inoUthic  Epoch,  or,  at  the  earliest,  till  tlie  close  of  the 

[laolithic  Epoch  (during  the  Chalk  Period).    In  our  survey 

geolo^jical  fonaatiuiut  and  {leriods  (pp.  12,  19)  we  found 
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how  comparatively  tihort  this  whole  Tertiary  or  CicTioIithit 
Epoch  was.  Judging  from  the  relative  thicknesses  of  tli« 
various  strata-fomiations  we  were  able  to  say  tliat  this 
whole  period,  during  which  Placental  Animals  firat  ajipcared, 
and  assumed  their  respective  forms,  amounted  at  most  to 
ithoiit  three  per  cent,  of  the  entire  duration  of  the  ot;gaiiH 
hidtory  of  the  earth.     (Cf.  p.  18.) 

Ail  Placental  Animals  are  distinguished  from  the  t«ra 
lower  Mammalian  groups  already  considered,  from  tho 
Cloacal  Animals  and  Pouched  Animals,  by  many  prominent 
peculiarities.  All  these  charaetera  are  present  in  Man ;  a 
most  significant  fact.  Fur  on  the  most  accurate  comparative 
anatomical  and  ontogenutical  researches,  we  may  bojic  tlw 
irrefiitahle  propositiun  that  Man  is  in  every  nsjiect  a  tn« 
Placental  Animal ;  in  him  are  present  all  those  peculiavitiea 
in  the  structure  and  in  the  development  of  tlie  body  wbii 
distinguish  Placental  Animals  from  tlie  lower  Mammalii 
groups,  and  at  the  bame  time  from  all  other  animali 
Among  these  characteristic  peculiarities  the  higher  develiip 
mont  of  the  bruin,  the  organ  of  the  mind,  is  especially 
prominent.  The  fore-biain.  or  large  brain  (cerebrum)  i 
much  more  highly  developed  in  these  than  in  low 
animals.  Tlie  body  {corpus  oallosuvi),  which,  like  a  bridg 
connects  the  two  homiaphei-es  of  the  fore-brain,  attaiiM  i 
full  development  only  in  Placental  Animals ;  in  the  Pouclii 
Animals  and  Cloacal  Animals  it  e!fi:(ts  merely  as  an  insigiii 
leant  rudiment.  It  is  true  that  in  their  biain  atmctui 
the  lowest  of  the  Placental  Animals  ytt  i-esemble  Poncbe 
Animals  very  nearly;  but  within  the  Placental  gi"oup  « 
can  trace  a  continuons  series  of  progressive  stages  in  tJi 
development  of  tho  brain,  ascending  quite  gi-adiially  froi 
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the  lowest  stage  to  the  very  highly  developed  mind-organ 
of  the  Monkey  and  of  Man.  (Of.  Chapter  SX.)  The 
hturian  mind  is  hut  a  more  higldy  developed  ape-mind. 

The  milk-glands  of  Placental  Animals,  as  of  Marsu- 
pia\  are  provided  with  developed  nipples;  but  the  pouch 
io  which  the  immature  young  of  the  latter  are  carried 
kbout  and  suckled  is  never  present  in  the  former.  Nor  are 
the  marsupial  hones  {osm  nutrfuiiiiilia)  present  in  Pla- 
r«ntal  Animals;  tliese  bom^s,  which  are  embedded  in  the 
abdominal  wall,  and  rest  on  the  anterior  edge  of  the  pelvis, 
ar«  common  to  Pouched  Animalg  and  Cloaeal  Animals,  ori- 
ginating from  a  partial  oasiiication  of  the  tendons  of  the 
inner  ohlif^ue  muscle  of  the  abdomen.  It  is  only  in  a  few 
beasts  of  prey  t)iat  insignificant  nidiments  of  tlitso  bones  are 
found.  The  hook-shaped  process  of  the  lower  jaw,  which 
chantcU-rizes  Pouciied  Animals,  is  also  entirety  wanting  in 
Placental  Animals. 

Tlie  character,  however,  wliicli  e.specially  distinguishes 
Plac«nt&l  Animals,  and  which  has  justly  given  its  name  to 
the  entire  sub-class,  is  the  development  of  the  placenta,  or 
vaecular  cake.  We  have  already  spoken  of  this  organ,  in 
dcsci'ibing  tlie  development  of  the  allantcis  in  the  human 
'•mbryo  (vol.  i  p.  382),  The  urinary  sac  or  allantois,  tliat 
peculiar  bladder  which  grows  out  of  tfie  posterior  portion  iif 
Ch*  intestinal  canal,  is,  we  found,  formed  at  an  early  wtaf^'o  in 
diQ  human  embryo  just  as  in  the  germs  of  all  other  Amnion 
Animals.  (Cf.Figa.l32-135,vol.  i.p.377-3KO.)  Thethinwal! 
of  this  88C  consists  of  the  same  two  layers,  or  skins,  aa  tin; 
wall  of  the  intestine  itself;  internally  of  tlie  intostinal-glan- 
dalar  layer,  and  externally  of  the  intestinal-til irous  layer. 
Tlw)  cavity  of  the  allantois  is  filled  with  Huid;  this  prinii- 
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tive  arine  mast  be  chiefly  the  product  of  tbe  primitive 
kidnoyg.  The  intontinal  fibrous  layer  of  the  allaotois  u 
traversed  by  large  blood-vesaela  which  Bocomplish  the  nabri- 
ment  and,  ospecially,  the  I'espiratioD  of  the  embryo ;  th«sa 
iiro  the  navcI-vesseU,  or  umbilical  ves§el3  (voL  L  p.  -400).  lu 
all  U(.-|itile8  and  Birds  the  allantois  becomes  an  immenM: 
Hiut,  wliteh  eii(.'loscs  the  embryo  with  the  amtiion,  and  whidi 
duus  not  coaloBce  with  the  outer  covering  of  the  tgg 
(diorwn).  InCloacal  Animals  (Monotreitutta)  and  Pouched 
AnimaU  (Maraajiialia)  the  allantois  ia  also  of  this  nature,  i 
It  in  ouly  iu  Plaecntal  Animals  that  the  allantois  develops 
Into  tliat  very  pecuhar  and  remarkable  formation,  called 
tlio  i>lamnta,  or  "  vascular  cake."  The  nature  of  the  placenta 
is  thiit:  Uio  brancliea  of  the  blood-veasels  which  Lrave] 
wall  orUie  allantoic,  penetrate  into  the  hollow  tufls  of  till 
chorion,  which  are  inserted  into  correspondiug  deprcssioni 
in  the  mucous  membrane  uf  ttie  maternal  nterua.  As  Uiil 
mucous  membrane  la  also  abundantly  Bui)p]jed  with  blood< 
veiittclH,  which  conduct  the  motlicr's  blood  into  tlie  Dt« 
and  as  the  partition  botwcen  tlicse  maternal  blood-va 
and  the  embryonic  vessels  in  the  chorion-tuftsHOon  become! 
extremely  thin,  a  dii-ect  exchange  of  substance  is  soon  d 
vidopcd  between  the  two  sets  of  blood-vessels,  which  ia 
the  uLmONt  imiwrtance  for  the  nutrition  of  the  youi 
Maiiiinal.  Thu  maternal  blood-vessels  do  not,  howevd; 
pn«8  diri'ctiy  (anastomosis)  into  the  blood-vessels  of  t 
embryonic  diorion-tuftd,  so  that  the  two  kinds  of  bto 
simply  mix,  but  the  partition  between  the  two  seta  ( 
vesseU  becorooB  so  thin,  that  it  permits  the  passsge  of  th 
most  important  food-materials,  freed  from  onneeesaar. 
matter  (transudation,  or  diosmosis).     The  larger  the  «mbryi 
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grovB  in  Placpntal  Animals,  and  the  longer  it  remains  in 
tlip  tnatemal  uterus,  the  more  necessary  does  it  become  that 
«^-cial  structural  arrangements  should  meet  the  Increased 
consmnpUon  of  food.  In  this  point  there  is  a  very  striking 
difference  butween  the  lower  and  the  higher  Mammals.  In 
Cloacal  Animals  and  Pouched  Animals,  in  which  the  embryo 
lemains  for  a  comparatively  brief  time  in  the  uterus,  and  is 
horn  in  a  very  immature  condition,  the  cii"culation  as  it  exists 
the  yelk'sac  and  in  the  allantois  suQices  for  nutrition,  as 
to  birds  and  reptiles.  In  Placental  Animals,  on  the  contrary*, 
in  which  gestation  ia  very  protracted,  and  the  embryu 
much  longer  in  the  uteiiis,  there  attaining  its  full 
ilevelopment  within  its  investing  membranes,  a  new  ap- 
pftratufi  is  required  to  convey  a  direct  supply  of  richer 
natritive  matter ;  and  this  is  admirably  eilected  by  the 
development  of  the  placenta, 

In  order  rightly  to  understand  and  appreciate  the  for- 
mation of  this  placenta  and  its  important  modifications  in 
ditTere&t  Placental  Animals,  we  must  once  more  glance  at  the 
external  coverings  of  the  mammalian  egg.  The  outermost  of 
these  waa  originally,  and  during  the  cleavage  of  the  egg 
aii'l  the  first  formation  of  the  axial  portion  of  the  germ, 
formed  by  the  so-called  zona  jxiUucula,  and  by  the  thick 
albuminous  covering  deposited  externally  on  the  latter 
(Rg.  19.  Fig.  21,  z.  k,  vol  I  p.  178). 

We  called  tlicse  two  outer  coverings,  which  afteiwards 
uiialgamnt«,  the  jyrochorioTi,  This  prochorioii  very  soon 
dinppcarx  (in  man  perhaps  in  the  second  week  of  develop- 
ment), and  ia  replaced  by  the  permanent  outer  egg-mem- 
brsnc,  the  chorion.  Tlie  latter,  however,  is  simply  tlie 
Ktoua  niembraoe,  which,  as  wc  have  already  seen,  is  the 
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product  of  the  out«r  germ-layer  of  the  germ -membrane 
vesicle.  (Sec  vol.  i.  p.  401,  and  Fig.  139,^,  s.s/i,  p.  385.)  This 
ia  at  first  a  very  smooth,  thin  membrane,  surrounding  the 
entire  egg,  as  a  closed  aplierical  vesicle,  and  consisting  of  a 
single  layer  of  exoderm  c^lls.  The  chorion,  liowever,  be- 
comes very  soon  studded  with  a  numl^er  of  little  protuber- 
ances or  tufts  {Fig.  139,  5,  c/cs).  Those  fit  themaolvea  into 
iiidt-ntations  in  tlie  mucous  membrane  of  tlin  uterus,  and 
thus  secure  the  egg  to  the  wall  *if  the  latter.  Tlie  tuils 
are,  liowevei,  not  solid,  but  hollow,  like  tlic  fingers  of  a 
glove.  Like  the  whole  chorion,  these  hollow  tufts  consist  of 
a  thin  layer  of  cells  belonging  to  the  hom-jtlat*.  They 
very  siwn  attain  an  extraordinary  development,  growing 
and  Imuiching  rapidly.     In  the  spaces  between  them,  new 

F»(.  198-— EKK-coTeriniwor 
tbo  hUDiDii  embrfn  (diHgraiii- 
matii')  ;  m,  tho  thick  BesliT  wait 
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tufts  arise  in  all  directions  from  the  serous  membrane,  mi 
thus  before  long  (in  the  human  embryo  in  the  third  week) 
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the  whole  outer  surface  of  the  egg  is  eoveterl  wiUi  a  dvnse 
[Jimst  of  tufts  (Fig.  134). 

These  hollow  tufts  are  now  penetrated  fi-oin  within  hy 
he  bi-aiichinjj  blood-vesaela,  which  originate  fiom  the  in 
iicstJoai  tibrous  layer  of  the  allautois,  and  which  contain 
tliti  blood  of  the  embryo,  introduced  through  the  navel  vessels 
(Fig.  IDS,  ehs).  On  the  other  hand,  dense  networks  of 
blood-vessels  develop  in  the  mucous  menibi-ane,  which 
Uoca  the  inner  surface  of  the  uterus,  particularly  in  the 
neighbourhood  of  the  depressions  into  which  the  chorion- 
tufts  peneti-ate  (plib).  These  vascular  networks  receive  the 
bluoil  of  the  mother  introduced  through  the  uterus  vessels. 
The  whole  mass  of  these  two  sets  of  vessels,  which  are  here 
moat  intimately  connected,  together  with  the  connecting 
vid  enveloping  tissues,  is  called  the  placenta,  or  "  vascular 
take."  Properly  speaking,  the  placenta  consists  of  two 
quite  different,  though  closely  connected,  parts  ;  internally, 
of  the  ombrj'unic  placenta  (jilucenta  Jmtalis,  Fig.  198,  c)tz), 
and  externally  of  the  maternal  placenta  (placenta  utertna. 
Fig.  198,  pla).  The  latter  is  formed  by  tlie  uterine  mucous 
nembruno  and  its  blood  vessels :  the  former  by  the 
■ooondaxy  chorion  and  the  navel  vessels  of  tlie  embryo. 
ITiu  mode  in  which  these  two  "vascular  cakes"  com- 
to  fiinn  the  placenta,  as  well  as  the  sti'ucture,  form, 
of  the  latter,  ditfers  much  in  ditl'erent  Pl.ieinlul 
and  aUbrda  valuable  data  fur  natural  classification, 
lIso  for  the  tribal  history  of  the  wliole  sub-dajis. 
:r  is  primarily  divisible  into  two  main  divisions, 
the.9e  differences :  the  lower  I'laeuntal  Animals, 
are  called  Indecidua,  and  the  higher  Placenlal 
Aniiuals.  or  Duciduata. 


i6o 

To  the  InJecidua,  or  lower  Flaceotal  Anitnals,  belong 
two  very  ornjiiiihensive  and  importaut  verUbrate  groups; 
(I)  the  Hoofed  Animals  {Ungulata) — the  Tapirs,  Uorses, 
Swine,  Ruminants,  and  others ;  (2)  the  Whale-like  anim^ 
{CcUrmorpluL) — the  Sea-cowa,  Porpoises,  Dolphins,  ^^'llaIea^ 
and  others.  In  all  those  Indeddua  the  chorion  tuils  an 
distributed,  singly  or  in  bunches,  over  the  entire  surface  of 
the  chonon,  or  over  the  greater  part  of  it  They  are  bat  tb 
loosrly  attached  to  the  mucous  membrane  of  the  utems, 
that  the  entire  outer  eg<^- membrane  with  its  tofW  mi^ift 
easily  and  without  using  force  bedrawnout  of  thedcpresaoiis 
in  the  uterine  mucous  membrane,  just  as  the  hand  i8witb> 
drawn  from  a  glove.  The  two  "vascular  cakes"  do  not 
really  coalesce  at  any  point  of  their  contact  Henco,  ai' 
birth  the  "embryonic  cake"  (placenta  fcettilia)  is  alont 
removed  ;  the  "  maternal  cake "  (placenta  ultrina)  is  not 
displaced.  The  entire  mucous  membrane  of  the  gnvH 
uterus  is  but  little  altered,  and,  at  parturition,  suffers  na 
direct  loss  of  substance. 

The  structure  of  the  placenta  in  the  second  and  hi] 
division  of  Placental  Animals,  the  Deciduata,  is  very 
ferent.     To  this  comprehensive  and  very  highly  dev 
mammalian  group  belong  all  Beasts  of  Prey  and  all  Ii 
eaters.  Gnawers  (Rodcntia),  Elephants,  Bats,  Somi-apea, 
lastly,  Apes  and  Man.     In  all  these  Deciduata  the  wl 
surface  of  tho  chorion  is  also  at  first  thickly  covered 
tufts.     These,  however,  aftei'warda  disappear  from   part 
the  surface,  while  they  develop  all  the  more  vigorously 
the  remainder.    The  smooth  chorion  (chorion  Utve,  Fig. 
c/J)  thus  becomes  distinct  from  the  tufted  chorion  (<horitm 
fnmdoaum.  Fig.  19S,  chf).    On  the  former  there  are  only 
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TDUiate  and  scattered  tufts,  or  none  at  all;  while  the  latter 
is  thickly  overgrown  with  hijjhly  developed  and  large  tufts. 
In  the  Deciduata  tfae  tiiftcd  chorion  alone  form»  the 
jtlacenta. 

Yet  more  characteristic  of  the  Deciduata  is  the  very 
Wculiar  and  intimate  connection  which  is  developed  in 
tiiese  between  the  tufted  chorion  and  the  contiguous 
portion  of  the  uterine  mucous  membrane,  and  which  must 
bo  regarded  as  a  true  coalescence.  The  vaRcuiar  tufts  of 
Xbe  chorion  push  their  branches  into  the  sanguineous  tissue 
<jf  this  mucous  membrane  in  such  a  way,  and  the  two  8et« 
of  vessels  are  in  such  close  contact  and  are  so  interlaced, 
tliat  the  embryonic  placenta  is  no  longer  distinguishat'le 
From  th«  maternal  placenta ;  the  two  form  one  whole —  a 
compact  and  apparently  simple  placenta.  Ow'ng  to  tliis 
intimate  coalescence,  a  portion  of  the  uterine  mucous  mem- 
brane of  the  mother  comes  away,  at  birth,  with  the  finnly 
fiherent  egg-membrane.  The  portion  of  the  mother's  body 
which  is  thus  removed  in  parturition  is  called,  on  account 
of  it»  separable  nature,  the  deciduous  membrane  (decidaa). 
Ail  Placental  Asimala  which  possess  this  deciduous  mem- 
)  are  classed  togetlier  as  Deciduata.  The  removal  of 
this  membrane  at  parturition,  of  course,  causes  a  greater  or 

!  loHH  of  blood  by  the  mother,  which  does  not  occur  in 
tfai!  ludocidiia.  In  the  Deciduata,  moreover,  the  lost  portion 
nf  the  uterine  mucous  membratte  must  be  replaced,  after 

rturitiun,  by  a  renewal  of  the  tissue. 

The  structure  of  the  placenta  and  deciduous  membrane 
fl,  howrevor,  by  no  means  identical  throughout  the  compre* 
h-Rsive  group  of  Deciduata.  On  the  contrary,  there  are 
Kuty  important  ditierences  in   this  respect,  which  are  in 
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si>me  degree  connected  with  other  imjiortiint  stnictunl 
characters  (e.g.,  the  structure  of  the  brain,  of  the  teeth,  ol 
feet),  and  which  may  justly,  therefore,  be  turned  to  account 
in  the  phylogenetic  classification  of  PlacentaU.  In  the  linn 
place,  two  great  groups  of  Deciduata  may  be  distinguished 
according  to  the  form  of  the  placenta:  in  the  one  group 
is  ring-shaped  or  girdlo-shapcd ;  in  tho  other  it  is  discoid  or 
cake-shaped.  In  Deciduata  with  girdle-shaped  placcnU 
(Zonoplticcnialia)  the  poles  of  the  oval  egg  take  no  i>art 
in  the  formation  of  the  placenta.  The  "vascular  cake' 
resembles  a  broad  ring-like  girdle,  embracing  the  contnl 
zone  of  the  egg.  It  is  so  in  Beasts  of  Prey  (Camwaitt], 
both  in  the  tenestrial  forms  (Cai-nivora)  and  in  the  mariH 
fonns  (Pinnipedia).  A  similar  girdle-shaped  placenta  ii, 
found  in  the  FaJse-boofed  Animals  {Chdojihora):  thtt 
elephants,  and  Klip  Das  (Kyrax)  with  its  alUes,  wbicli  wen 
formerly  clo.'^ed  as  Hoofed  Animals.  All  these  ZomipIiiMii* 
talia  belong  to  one  or  more  side-braneht^s  of  the  Decidi 
which  are  not  nearly  allied  to  Man. 

The  second  and  most  highly  developed  group  is  foi 
by  the  Deciduata  with  discoidal  placenta  (OUcoiifticentalu 
The  formation  of  the  placenta  ia  here  most  localized 
its  structure  most  fully  developed.  The  placenta  forms 
thick,  spongy  cake,  usually  in  the  form  of  a  circular 
oval  disc,  and  attached  only  to  one  aide  of  the  uterii 
waU.  The  greater  part  of  the  embryonic  egg-raembrano 
therefore,  smooth,  without  developed  tults.  To  the  D\ 
placentalia  belong  the  Si-mi-apes  and  Insect-eaters, 
Diggers  (Eflbdienta)  and  the  Sloths,  Rodents  and 
At>es  and  Maa  Comparative  Anatomy  enables  us  to  inA 
Lha.t  of  these  variouB  orders  the  Semi-apee  are  the 
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group  from  which  oU  other  Discoplacentals,  and  perhaps 
£ven  all  Deciduous  Animals,  hava  developed  as  divergent 
braaclieo.    (Cf.  Tahlt^s  XXIIL  and  5XIV,) 

The  Semi-apea  (ProsimicE)  are  now  represented  only  by 
very  few  forma.  These,  however,  are  very  interesting,  and 
must  be  regarded  as  tlie  last  remnants  of  a  group  once  rici] 

forms.  This  group  ia  certainly  very  ancient,  and  was 
probably  very  prominent  during  the  Eocene  Epoch.  Thoii' 
preaeot  degraded  descendants  are  scattered  widely  over  the 
•outhem  portion  of  tlie  Old  World.  Most  of  the  species 
inhabit  Madagascar ;  a  few  the  Sunda  Islands ;  a  few  others 
Ui«  continents  of  Asia  and  Africa.  No  living  or  fossil  Semi- 
have,  as  yet,  been  found  in  Europe,  America,  or  Aus- 
tmUa.'*    The  widely  scattered  posterity  of  the  Semi-apen 

considerably  diversified.  Soma  forma  seem  nearly  allied 
to  the  Marsupials,  especially  to  the  Pouchod-rata.  Othofh 
(J/ocro(arn)  are  very  near  akin  to  the  Insect-caters,  and 
yet  others  (Chciri/m'ja)  to  the  Gnawers  (liotlcntia).  Ojie 
genus  (GaUopithecvs)  forms  a  direct  transition  to  the  Bats. 
Knally,  some  of  the  St-mi-apes  (Brachytarsi)  approach  very 
tR-ar  to  true  Apes.  Among  the  latter  are  some  tail-Iesa  forms 
(r.j.,  the  Lori,  iStenopa,  Fig.  199).  From  these  highly  in- 
tensting  and  important  relations  of  the  Semi-apes  to  the 
Vftrioys  Diseoplacental  orders,  we  may  fairly  infer  that 
of  the  extant  repress ntativtM  of  this  group,  they  are  tliL- 
acar(»t  to  the  common  primitive  parent-fonn.  Among  the 
(lintct  common  ancestoi's  of  Apes  and  Men,  there  must  have 
li«ea  »ume  Deciduata  which  we  should  class  among  the 
Semi-itpea,  were  we  to  see  them  alive.  We  may  therefore 
Kinsider  this  order  aa  a  special  «ttagc,  following  the  Pouelicd 
AniinAU.  «a  the  eighteenth  stage  in  the  human  pedigree. 
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Probably  our  aucestors  among   the   Seml-apea   clow>ly 
sembleJ  the  extaut  Brachytarsi  or  Leiuurs  (Xeniur,  lAiJuin- 


Vi-...  IW,— The  SleniJcT  Liiri  of  CpjIoii  (^frnnfM  yranlU). 

otits.  Sti'imj-m'),  and,  like  theBe,  led  a  (jviiet  life,  climbing  0 
trees.  The  ext«Dt  Semi-a]ie8  are  moBtly  nocturnal  anim 
of  gentle  and  melancholy  Jis|>oaitinn,  subsisting  on  fniits. 
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Tlie  Semi-apes  are  immediatiily  followed  by  the  true 
Affcs  {SiniitB),  aa  the  niaeteentli  stage  in  the  Uuiiian  pedi- 
gree. It  has  long  been  beyond  doubt  that  of  all  animals 
the  Apes  arc  in  all  respects  the  most  nearly  allieil  to  Mail 
Just  as,  on  the  one  side,  the  lowest  Apes  approach  veryneiu 
1*1  the  Semi-apes,  so,  on  the  other  side,  do  tlie  highest  Apes 
most  closely  resemble  Man.  By  carefully  studying  the  Com- 
{larattve  Anatomy  of  Apes  and  Man,  it  is  possible  to  trace  a 
gradual,  uninterrupted  advance  in  the  Ape-organization  up  to 
the  purely  human  structure;  and  on  impartially  testing  this 
"  Ape-question,"  which  has  lately  been  agitated  with  such 
passionate  interest,  wo  shall  uifallibly  have  to  acknowledge 
thi  important  fact,  which  was  first  explicitly  laid  down  by 
Huxley,  that  "whatever  system  of  organs  be  studied,  the 
comparison  of  their  modifications  in  the  apo  scries  k'ads  to 
one  and  the  same  result — tliat  the  stiuctural  differences 
which  BCfiarato  Man  from  the  Gorilla  and  Chimpanzee  are 
uut  80  great  aa  those  which  sepaiale  the  Gorilla  from  the 
iuwer  Apes,"  In  phylogenetic  language  this  pregnant  law 
«iitaUished  in  so  masterly  a  manner  by  Huxley,  b  equiva- 
leni  to  the  popular  phrase :  Man  is  descended  from  the  Ape. 

In  onler  to  become  convinced  of  tlie  truth  of  this  kw, 
let  us  DOW  once  more  consider  the  placenta  and  dcciduoiiH 
membrane,  on  the  varied  structure  of  which  we  Justly  laid 
•pecial  fitresa  Men  and  Apes,  in  the  structure  of  their  JLic- 
5hape<l  placenta  and  in  their  decidua,  do,  indeed,  coincide 
uu  the  whola  with  all  other  Discoplacental  Animals.  But 
in  Uie  more  delicate  structure  of  these  parts  Man  is  dis- 
tingiiishwd  by  peculiarities  which  he  shares  only  with  Apes, 
«n(]  which  are  absent  in  other  Dociduata.  Tlius  in  Man 
•nd  in  the  Apes  three  distinct  parts  are  reoognizeii  in  the 
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deciduous  membrane ;  these  parte  tna^  be  called  the  out 
tJie  inner,  arid  the  placeutal  deciduous   membrane.      Tbl] 
outer  or  true  membrane  (d.  externa  or  vera.  F"ij^,  litS,  tlv. 
Fig.  200.  g),  is  that  puttiun  of  Uie  uterine  mucous  ueiubrsjia 
whid;  coats  the  inteinal  surface  of  the  uterus  wlierever  liw 


Fic.  2i»0,— lltimim  ombrjo,  twtlve  week?  old,  with  lu  onvniiipi:  k 
■Iw.     Tlic  navil  ciirU  |>ubi»  fnioi  the  DoTd  lo  the  plMcnu: 
t,  chorioni  d,  ]<liiccnta{  <f,  reioaitu  n(  tntis  on  ilie  nnnoth  dmrioD:/.  i 
liibHi  rtjiaa  (Inner)  i  y,  deviJaa  vrra  (uuMr).     (AtWr  Bernlianl  R  '    " 

latter  is  not  att)u.'licd  to  the  placenta.  The  placvoul  i 
spongy  dccidiions  lucrulirane  (rf,  ji/acentaitg  or  terotin 
Fig.  198,^t(,  Fig.  200,  d)  is  simply  the  matoraai  pUccnM 
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elf,  or  the  niatenial  part  of  the  "  vaacular  calce "  {pla- 
■  orit^i   iil^rimi),  i.e.,  that  pai-t  of  the  titerioe  mucous  tneiii- 
1>miie  which  coaluKces  intimately  with  the  chorion-tufts  of 


KiK,  311I,— Mitt.orphunikneiiilirjo  (nC  the  eiiiT  of  firesuHTioj},  in  its  nalDitil 
\^n,.n\.  taken  ont  of  tlio  merUB.  Ob  tliP  iiinor  Burfaco  uf  the  Inlter  (nii 
'l»l>;tii  it  Oir  i>limtil&,  which  is  altnoUfii]  tu  the  nmcl  ot  the  child  by  iliu 
utFi  ami.     (Af li>r  B»rul  a  1I  Scbuhie.) 

"Iw  enibryonie  placenta  (phcexhi  firhtlix).  Lastly,  the 
toner  nr  fitlse  ileuitiuoiiH  membrane  {d.  inlemft  or  irjiexn, 
*V  10'*.  '''■.  f '«■  -W.  /)  is  that  portion  of  the  utorine  mucous 
ntKaihrAni'  which,  as  a  peculiar  tliin  envelope,  covers  all  the 
f^t  (if  the  ejrg-surface,  lying  immediately  over  the  tuftless 
nnoo^  chorion  (chwion  Itm'f).  The  origin  of  these  three 
iliitinct  ileciduoUH  membranes,  concerning  which  erroneous 
tU'tiioiH  have  ln>en  eiititrtained  (atill  retained  in  the  nomen- 
clatDrt'),  if)  plain  enough;    the  external  or  true  dedduoua 
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membrane  is  a  peculiar  modification,  afterwardii  Irmt,  of  tl 
Buperficial  layer  of  tho  original  mucous  meiubraue  oT  Ui 
uterus.  The  placental  membrane  U  that  portion  of  th 
preceding  which  is  completely  modiKed  by  the  intrusion 
the  chorion-tuftfl  and  is  employed  in  forming  the  placciii 
Lastly,  the  inner  deciduous  membrane  is  furriiMl  by  * 
ring-shaped  fold  of  the  mucous  membrane  (at  the  poii 
of  union  of  the  d.  vera  and  the  d.  serotina)  whicli  rw« 
grows  round  the  egg,  and  closes  in  the  same  way  as  U 
amnion."" 

The  peculiar  anatomical  characterswliich  mark  the  Immi 
egg-membrane  re-occur,  in  the  same  form,  only  in  Aj>6a  M 
other  Discoplacental  Animals  present  greater  or  less  diflor 
ences  in  these  points,  the  conditions  being  generally  nu 
simijle.  This  is  the  case,  for  instance,  in  the  structunj 
the  placenta  itself,  in  the  coalescence  of  tho  chorion  tufts  ^ 
with  the  deddua  serotina.  The  matured  human  placenu 
is  a  circular  (rarely  oval)  disc  of  a  soft,  spongy  chai-ack-t, 
6  to  8  inches  in  diameter,  about  1  inch  thick,  and  weighin;; 
from  1  to  IJ  lb.  It«  convex,  external  surface  (that  whicli 
coalesces  with  the  uterus)  is  very  uneven,  and  tufted,  lu 
internal,  concave  surface  (that  which  is  turned  towanls  the 
cavity  of  the  egg)  is  quite  smooth,  and  clothed  by  the  amnion 
(Fig.  193,  a).  From  near  the  centre  of  the  placenta  sprin)^ 
the  navel  cord  {funiculus  itmbUicalia),  the  develo[iin«nt 
of  which  we  have  already  observed  (vol.  i.  p.  383).  It  aioo  a 
coated  by  the  aiunion  as  with  a  sheath,  which  at  the  Davrl 
end  pasaes  directly  into  the  abdominal  skin  (Fig,  200,  201; 
The  mature  navel  cord  is  a  cylindrical  cord,  coiled  spirallv 
around  it«  axis,  and  usually  about  20  inches  long  and  }  incfa 
thick.     It  conitists  of  gelatinous  connective  tissues  ("  Whar 
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tun's  jeUj  *},  in  vhidi  are  eoDt&ii>ed  Um  remnanU  of  U)« 
y^-veasels  and  of  tlie  great  nsTel  vessels ;  the  two  uavfl 
arteties  whidi  convey  tlie  biood  of  the  embryo  to  tite  pla- 
eenta,azid  the  great  navel  vein  which  brioga  back  the  bkuHj 
from  the  latter  to  the  heut.  llw  namerous  fine  bnnrhr-s 
of  these  embryonie  Davel  Tesseb  pass  into  the  branchetl 
chorion  tufts  of  the  ftstal  placentiL,  and  with  these,  finally, 
)^w,  in  a  very  peculiar  way,  into  large  blood-fiJled  cavities, 
which  spread  thi^mselves  in  the  aterine  placenta  and  con- 
tain blood  from  the  mother.  The  anatomical  relations,  very 
complex  and  ditficull  to  comprehend,  which  are  develogiod 
between  the  embryonic  and  the  maternal  placenta,  exist  in 
tiiis  form  only  in  Man  and  in  the  higher  Apes,  whilij  in  all 
other  Decidaous  Animals  their  form  is  more  or  less  JifFfn-ii^ 
The  navel  cord,  also,  is  proportionately  longor  in  Mnii  and 
in  Apvs  UioQ  in  otiier  Mauimals. 

As  in  these  important  characters,  bo  also  in  every  otht-r 
mor]>bological  reapect,  Man  a[>|)ears  aa  a  member  of  tliK 
order  of  Apes,  and  cannot  be  HeparaU^'d  froto  the  latter.  I'Ik- 
great  originator  of  systematic  description  of  nature,  Karl 
LinniBUs,  with  prophetic  penetration,  united  Men,  Ajn'M, 
Semi-apes,  and  Bats  in  a  single  natural  division,  uiidci-  thi' 
name  of  Primates,  that  is,  the  first,  the  lords  of  the  ntiininl 
kingdom.  Later  naturalists  dissolved  tl)is  order  of  Priniatiw 
The  G6ttingen  anatomist,  Blumcnboch,  tirst  plact-d  Alim  in 
a  special  oi-dor,  which  he  called  that  of  Two-handed  Aniiiinin 
(liinutna) ;  in  a  second  order,  ho  united  A[>es  an<l  Soiiii- 
apee  undttr  the  name  of  Four-handed  Animals  {Quad- 
rumana),  while  a  third  order  included  tht-  distantly  ri'Iated 
Bats  {Chiroptera).  The  separation  of  the  Bimnna  and 
Quadrumana  was  retained  by  Cuvior  and  most  aucceeding 
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zoologists.  It  deems  very  important,  but  is  really  wholly 
unjustifiatile.  This  was  first  shown  in  the  year  1863  hj 
Huxley.  Supported  by  very  accurate  Comparative  Anat/v 
mical  researches,  he  proved  that  Ajica  are  aa  "  two-handed* 
as  Men,  or,  conversely,  that  Men  are  aa  "  four-handed  "  a 
Apea.  Huxley  showed,  with  convincing  clearness,  that  ths 
ideas  previously  lield  of  the  hand  and  the  foot  were  falst^ 
and  were  incorrectly  founded  on  physiologicnt  instead  of 'ii 
morphological  dislinetiona.  The  circumstance  that  in  the 
hand,  the  thumb  may  be  opjiosed  to  the  other  four  fingeri^ 
thus  permitting  the  act  of  grasping,  appeared  especially  ta 
distinguish  the  hand  from  the  foot,  in  which  the  correspoml- 
ing  great  toe  cannot  be  thus  opposed  to  the  four  reiaaliiin( 
toes.  Apes,  on  the  contrary,  can  grasp  in  this  way  with  tin 
hind-foot  a^  well  as  with  the  fore-foot,  and  were  therefore' 
regarded  aa  four-handed.  Many  tribes,  however,  among  tbi 
lower  races  of  men.  especially  many  negro  trihes,  use  the  fool 
in  tlie  same  way  as  the  hand.  In  consefjuence  of  early  hahil 
and  continued  practice,  they  are  able  to  grasp  as  wi;ll  with 
the  foot  as  with  the  hand  (for  example,  in  climbing,  tlii-y 
grasp  the  branchca  of  trees).  Even  new-born  cliildren  of  our 
own  race  have  a  very  strong  grasping  power  in  the  great  tut^ 
with  which  they  can  hold  a  spoon  as  fast  as  with  the  Iiand. 
The  physiological  distinction  between  hand  and  foot  cait, 
•heiofore,  neither  be  sti-ictly  carried  out,  nor  scientifically 
established.  Morphological  characters  must  be  used  Ibr  thit 
[>urpcse. 

A  sharp  morphological  distinction  of  this  kind — that  i% 
one  founded  on  anatomical  structure — between  hand  and 
foot,  between  the  anterior  and  the  poslt'rior  limbs,  is  actually 
possible.     There  ore  essential   and   permanent  ditfervnce* 
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both  in  the  structure  of  the  bony  skeleton  and  in  that  of 
the  muscles  wbich  are  attached  to  the  hand  and  the  foot ; 
and  these  are  e^tactly  the  same  in  Man  and  in  the  Ape. 
There  is,  for  instance,  an  essential  difference  in  the  arrango- 
taent  and  number  of  the  vn-ist-bones  of  the  liand  {carpua) 
Kiut  the  ankle-bones  of  the  foot  {tarsus).  The  muscle-niassoa 
present  eqnally  constant  differences.  The  posterior  ex- 
tremity, the  foot,  has  always  three  muscles  (a  short  flexor 
muscle,  a  short  extensor  muscle,  and  a  long  muscle  attached 
lo  the  muscles  of  the  tibia)  which  are  never  present  in 
th©  anterior  extremity,  the  hand.  Tlie  disposition  of  Uie 
muscles  ia  also  very  ditlerent  in  tlie  two  sets  of  limbs, 
Theee  characteristic  differences  between  the  anterior  and 
tfa«  posterior  extremities  occur  in  Man  just  as  in  Apes, 
Th«re  can,  therefore,  be  no  doubt,  tliat  the  foot  of  the 
Ape  deserves  the  name  as  truly  aa  ihat  of  the  Man ;  and 
that  all  true  Apes  ai'e  as  fj^enuinely  two-handed  animals 
(BtTnana)  as  Man.  Thus  tlie  usual  distinctiuu  of  the  Apes 
M  Qnadriimana  is  wholly  unjustiJiabte. 

It  might  now  be  asked  whether,  quite  apart  from  these. 
ttivre  ttm  not  other  marks  by  which  Man  is  more  widely 
parated  from  the  Apes  Uian  are  the  different  species  of 
Apoa  from  each  otheF.  Huxley  has  given  a  fiual  negative 
to  this  (juestion  so  convincingly,  that  the  opposition  now 
nisetl  againHt  him  In  many  quarters  must  be  regaidod  as 
:et«ly  unfounded  and  ineffective.  Based  on  an  accurate 
ttudy  of  the  Compai-ative  Anatomy  of  all  parts  of  the  body, 
HtixJt^y  brought  forward  very  signilicant  proof  that,  in 
«v«ry  anatomical  respect,  ihe  differences  lietween  the  highest 
fend  tlte  lowest  Ajtes  are  greater  thnn  the  corraijHindJng 
diflerences  botwneii  the  highest  Apes  and  Man,     Ue  titers- 


172  THE   EVOLUTIOS   OF  MAK. 

fore  restored  Linnseua'a  order  of  Primates  (excludti^  t 
Bats),  and  divided  it  into  three  different  sub-orden,  ti 
first  of  which  is  formed  by  the  Semi-apes  (Lemurida),  t 
second  by  the  true  Apes  (Sinviad^),  and  the  third  by  Me 
(ATUhrnpidcey^ 

Yet,  if  we  proceed  logically  and  without  prejudice,  i 
accordance  with  the  principles  of  scientific  reasoning,  « 
find,  on  the  basis  of  Huxley's  own  law,  this  division  ii 
adeijuate,  and  must  go  considerably  further.  As  I  fir 
showed  in  ISGG,  in  treating  this  question  in  my  GenertiU 
Morp/uilogie,  we  are  fully  justified  in  taking  at  least  c 
important  step  further,  in  assigning  to  Man  his  natura 
place  in  one  of  the  divisions  of  the  ApeK)rder.  All  ti 
characters  distinctive  of  this  one  division  of  the  Apes  a 
present  in  Man,  while  they  are  absent  in  other  Apea.  W« 
are,  therefore,  not  justified  in  forming  a  distinct  order  f 
Man  apart  from  the  true  Apes. 

The  order  of  tlie  true  Apes  (S'tTnitB),  the  Semi-apes  beinf 
excluded,  has  long  been  divided  into  two  natural 
groups,  which,  among  other  points,  are  distinguished  bj 
their  geographical  distribution.  Tliose  of  one  diviaioa 
{Ifesperopitheci,  or  Western  Apes)  live  in  the  New  Worli^ 
in  America.  The  other  division,  to  which  Man  belongs,  ia 
tliat  of  the  Heopitkeci,  or  Eastern  Apes ;  those  live  ia  t 
Old  World,  in  Asia,  AfiicA,  and,  formerly,  in  Europe.  All 
the  Ajies  of  the  Old  World,  all  HeopilJieci,  share,  in  coounoD 
vnth  Man,  all  those  characteristics  to  which  special  promJii- 
ftnce  is  justly  given,  in  distinguishing  these  two  groups  ot 
Apes,  in  zoological  classification;  among  these  characteristica 
the  structure  of  the  teeth  ia  most  prominent  The  objee- 
tion  is  at  once  evident  that  the  teeth  are,  in  a  physiological 
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^ticb  too  subordinate  a  part  of  the  body  to  justify  bo 
eight  being  attached  to  their  structure  in  so  m- 
nt  a  question.     Tiiere  are,  however,  good  reasons  for 
i  prominent  consideration  of  the  atracture  of  the  teeth ; 
t  is  with  perfect  correctness  and  propriety  that  ays- 
lU'inaLic  zoologistji  have,  for  more   than  a  century,   given 
liq^^cial    weight    to    this   character  in   systematimlly    dis- 
tinguishing and  arranging   the   mammalian   orders,     The 
number,  form,  and  disposition  of  the  teeth  are  transmitted 
much  more  accuiately  within  the  respective  orders  of  tlie 
mammals  than  are   most  other   zoological   characteristics. 
The  structure  of  the  human  teeth  is  well  known.     lu  matu- 
rity there  are  32  teeth  in  our  Jaws,  and  of  these  32  teeth, 
8  are  front-teeth.  4  canine-teeth,  and  20  molar-teeth.    Tliu 
eight   front^teeth   or   incisors  (dentea  iTidsivi^,  which   are 
EiUiatud  in  the  centre  of  the  jaws,  exhibit   characteristic 
ilitforence-s  in  the  upper  and  lower  jaw.     In  the  upper  the 
inner  incisors  are  larger  than  the  outer;  in  the  lower  jaw, 
on  the  contrary,  the  inner  incisors  are  smaller  than   the 
outer.     Next  to  these,  on  each  side,  both  in  the  upper  and 
lower  jaw,  is  a  comer-tooth,  which  is  larger  than  tlie  in- 
,  llie  so-called   eye-tooth,   or  canine  (dens  canmu^). 
3<imutimes  this  tooth  becomes  very  prominent  in  Men,  as  in 
a<»l  Apes  and  many  other  Mammals,  and  forms  a  sort  of 
Finally,  nest  to  this,  on  each  side,  and  in  eaclj  jaw, 
0  situaU-d  five  back-teeth,  or  molar-teeth  (denies  molare»), 
r  which  the  two  foremost  (the  bicuspid  teeth)  are  small, 
but  a  single  fang,  and  are  subject  to  the  change  of 
«Lh.  while  tbc  three  hiii'ler  molars  are  much  larger,  have 
wo&ngB,  and  do  not  nppeur  till  after  the  temporary  teeth 
I  shed  (so-called  "grinders").     The  Apes  of  the 
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Old  World  have  exactiv  this  human  structure  of  the  teeih, — 
all  Apes  which  have  as  yet  been  found,  either  living  or  as 
fossils,  in  Africa,  Asia,  and  Europe.  All  Apes  of  the  New 
World,  on  the  contrary,  all  American  Apes,  have  an  extii 
tooth  on  both  sides  of  each  jaw;  this  is  a  biscupid  tooth. 
Thus  they  liave  six  back-teeth  on  both  sides  of  each  jaw, — 
in  all.  thirtv-six  teeth.  This  characteristic  dilierence  be- 
tween  the  Eastern  and  Western  Apes  has  been  so  constantly 
transmitted  within  the  two  groups,  that  it  is  of  the  greatest 
value  to  us.  A  small  family  of  South  American  Apes  does, 
indeed,  appear  to  form  an  exception  in  this  respect  The 
pretty  little  Silk  Apes,  or  Marmosets  (H'tpidida),na,me\y,  to 
which  the  Brush-monkey  {Midas)  and  the  tufted  Marmoset 
J.icJtua"  beloni::,  have  but  five  back-teeth  in  each  half  of 
the  jaw,  instead  of  six,  and,  accordingly,  seem  to  approadi 
luaror  the  Eastern  A]>es.  But  on  closer  observation  it 
is  found  that,  like  all  the  Western  Apes,  they  ha^a  the 
ttH\*e  biscupids.  and  that  tlie  hindmost  grinder  haa  been 
lost.  Thus  this  apparent  exception  confirms  the  value  of 
the  distinction. 

Among  the  other  marks  by  which  the  two  main  groups 
of  the  Apes  are  distinguished,  the  structure  of  the  nose  is 
specially  important  and  prominent  In  all  Old  World  Apes 
tlio  stnuturo  of  the  nose  is  the  same  as  in  Man  ;  namely, a 
rvMiiparativoly  narrow  partition  of  the  two  halves,  so  that 
the  nostril^  are  directed  downwards.  In  a  few  Eastern  Ap>. 
the  nose  projeot"*  as  pn^mineuily  and  is  as  characteristically 
tormetl  as  in  ilan.  We  have  already  called  attention, 
in  tins  n^speet,  to  the  remarkable  Nose-ape  {Semiuh 
piilu'cus  va<iU'Uit^,  which  has  a  well-curved  and  long  noee 
[V\g.  i02).     Most  of  the  Eastern  Apes  have,  it  is  true,  i 
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umewhat  Batter  nose,  as,  for  instance,  has  the  wliite-nosud 
h-A^cAt  {Cercoplthrciis  peiaurisUi,  Fig,  203);  yet  in  all  t!ie 
rtition  itf  the  nose  is  narrow  and  thin.  On  the  contrary, 
Ami-rican  Apes  have  a  ditterent  naaal  stnicturt'.  In 
m,  the  [■artition  is  peculiarly  broadened  and  thickened 
bcJow,  and  the  wings  of  the  nose  are  not  developed,  in  con- 
scquenu.-  of  whieh  the  nostrils  are  not  below,  but  are 
tami;*]  outwards.  This  chai-acteristic  difference  in  the 
structure  of  the  nose  has  also   been   so   accurately  trans- 


h^i 


fia,  9}2.— n<«d  of  Xose.ftpo  (SrmtinpitStciit  natieia). 

Tia.  £03.— Thn  wbitu-iiDMH]  S>^-ciit  {Cireiipithteut  ycfawriala). 


litted  in  both  gmu{)s,  that,  on  account  of  it.  the  Apes  of 
le  New  World  have  Iwen  called  Flat-nosed  (Pktturhin^), 

thoHe   of  the  Old  World   Narrow-nosed   (CaUirhijia-). 

former  are,  on  Ihu  avurage.  inferior  in  organization. 
4i 
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The  division  of  the  order  of  Apes  into  two  mb-onlen, 
the  PtatyrliiiuB  and  the  Calarkitia,  is,  an  account  of  Uii; 
constant  hereditary  cfaaracter^  now  g«^>nerally  accepted  hy 
zoologists,  and  receives  much  support  from  the  geograjihinl 
tlistribution  of  the  two  groups  between  the  New  and  Old 
Worida.  From  this  followa  the  direct  inferenoe,  very  !■■ 
portant  in  its  bearing  on  the  Phytogeny  of  Apes,  that,  & 
the  prinueval  common  parent-form  of  the  Ape-order,  t 
diverging  lines  branched  out  at  a  very  eaily  period,  one 
which  spread  over  the  New  World,  the  other  over  tlie  014 
I  It  is  certain  that  all  the  Flat-nosed  Apes,  on  the  one  handt 
mmre  descendants  of  a  common  parent-fonu,  and,  on  the  otbtf 
band,  alt  the  Najrow-nosed  Apes  from  another 

An  inference  concerning  our  own  pedigree  may  be  dnwn. 
from  this.  Man  haa  exactly  the  same  cliarocters,  the  ume 
|iecuUar  formation  of  the  teeth  and  nose,  aa  all  tii« 
CatarhJnn,  and  is  aa  thoroughly  distinguished  by  lJia« 
chanteristies  firoro  the  Platyrhins.  We  are  thoreforc  ecm- 
pelied,  in  classifying  the  Primates,  to  assign  to  Man  a  pUet 
in  the  Nairow-Dosed  group.  The  bearing  of  this  on  our 
tribal  history  is,  that  Man  is  immediately  related  in  blt>od 
to  the  ap«fl  of  the  Old  World,  and  may  be  traced  fmm  ■ 
parent-form  common  to  all  other  Catarhina?  al^o.  Han  is 
a  p;nuine  Narrow-noeed  Ape  in  his  whole  structure  aud 
in  origin,  and  has  descended  from  some  unknown,  extinct 
IVitarhtne  form  tn  the  Old  WnrhL  On  the  other  hand,  tha 
Apes  of  the  New  World,  the  Flat-nosed  group,  constitute  a 
divoiging  bnneh  of  our  family  tree,  and  stand  in  no  n^ir 
ffcneali-igica)  relation  to  the  human  laoe. 

We  hav«  now  rmluced  the  drde  of  our  nearest  alliM 
!>•  the  small  group,  coolatuing  comparatively   fvw  tmaa. 
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'hkh  la  r<?pre8ente(I  by  the  sub-order  of  the  Narrow-noseti, 
Ea»t«rn  Apes.  Fiii&Uy,  the  question  which  now  re- 
iiuns  to  be  answered  is — what  position  in  this  sub-order 
iiist  be  assigned  to  Man,  and  whether  otiier  infeienees  aa 
the  structure  of  our  immediate  ancestTirs  may  be  drawu 
intu  tlus  podtion.  The  comprehensive  and  acute  reseaixihe^ 
the  Comparative  Anatomy  of  &lan  and  the  various 
,r)tinie,  which  Huxley  has  recorded  in  his  woik  on  the 
Evidence  as  to  Man's  Place  in  Nature,"  are  of  the  gi'eatest 
furnishing  the  answer  to  these  important  questions 
itable  conclusion  is,  that  the  ditl'erence  between 
the  highest  Narrow-nosed  Apes  (the  Gorilla,  Cbim- 
Orang)  is  alighter  in  every  respect  than  tlie  con-e- 
lUti'eiencea  between  the  highest  and  tlie  lowest 
-tiints  (the  Sea-cat.  Macaque,  Balwon),  Even  within 
Bioall  group  of  the  Tail-less  man-like  A[ics  (AntJiro- 
fmidea)  the  several  genera  do  not  differ  less  from  each  other 
Ihsa  tbcy  do  from  Ken.  This  is  seen  by  a  glance  at  tlie 
■keletiins  represented  here,  as  arranged  by  Huxley  (Figs. 
»>4-208).  If  the  skull,  or  tlie  vertebral  column,  togetliei- 
vith  the  rib-system,  or  the  anterior  or  posterior  membei-s, 
mn  compared;  or  if  the  comparison  is  extended  to  tlie 
uOKuJar  systt-n),  the  circulatory  system,  the  brain,  etc., 
«  candid  and  unprujudicud  examination  always  results  in 
Um  BBttis  conclusion,  that  Man  does  not  differ  more  fiYiin 
Um  higher  Catarbtnes  than  the  extreme  forms  of  the  latter 
(tit  example,  the  Gorilla  and  Baboon)  differ  from  eocli 
other.  We  can,  therefore,  complete  the  imjiortaut  propo- 
■itiuo  alrpady  quoted  from  Huxley :  We  may  take  what- 
ever ajTBtom  of  organs  we  will, — the  comparison  of  tlieir 
modilicatiuRS  witliin  the  rank^  of  the  Catarhinn'  loads  db 
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to  one  ami  the  same  conclusion :  th&t  the  anatomical  dif- 
ferences that  distinguish  Man  from  the  most  highly  developed 
Cat&rhinEB  (the  Orang,  Gorilla,  Chimpanzee),  are  nut  so  great 
aa  ihose  which  separate  the  latt«r  from  the  lowest  Catarhiiue 
I  Sea-cat,  Macaque,  Baboon). 

We  must,  therefore,  consider  the  proof  complete,  that  Mao 
13  descended  from  other  Narrow-nosed  Apes  (Catarkina:). 
Although  future  researches  into  the  Comparative  Anatomy 
and  Ontogeny  of  the  existing  Catarhines,  as  well  as  of  their 
fosul  relatives,  promise  us  various  new  details,  yet  no 
future  discovery  can  ever  overthrow  that  important  pro- 
position. Our  Cata-rhine  ancestors  must,  of  course,  have 
passed  through  a  long  series  of  varied  forms,  before  Man 
finally  developed  as  the  most  perfect  form.  The  following 
must  be  considered  aa  the  most  important  advances  by 
which  this  "Creation  of  Mcin,"  his  diderentiation  from  the 
most  nearly  allied  Catarhine  Apes,  was  effected:  Habituation 
to  upright  carriage  and,  in  connection  with  this,  the  greater 
diiTerentiation  of  the  anterior  and  posterior  limbs;  also,  the 
development  of  articulate  speech  and  its  organ,  the  larynx ; 
and  lastly,  and  especially,  the  more  perfect  development  of 
the  brain  and  ib  function,  the  soul ;  sexual  selection  must 
have  exerted  an  extraordinarily  important  intluence,  as 
Darwin  has  conclusively  proved  in  his  celebrated  work  on 
sexual  selection,'" 

With  reference  to  these  advances,  we  may,  among  our 
Catarhine  ancestors,  distinguish  at  least  four  important 
ancestral  stages,  marking  prominent  epochs  in  the  great 
historical  process  of  the  origia  of  Man.  As  the  nineteenth 
stage  in  the  human  pedigree,  next  to  the  Semi-apes,  we  may 
place  tJie  oldest  and  lowest  Catarhine  Apes,  which  develope«l 


l80  TUK   EVOLOnOS  OF  MAN. 

from  tlie  forniLT  by  the  formation  of  llie  characteristic 
catarhintt  bead,  and  by  the  peculiar  modification  of  tli« 
teeth,  tlie  no3e,  and  tlie  brain.  This  oldest  parent-form  of 
the  whole  Catarhine  giotip  must,  certainly,  have  been 
thickly  covertd  with  hair,  and  must  have  had  a  long  t«il; 
was,  in  fact,  &  Tailed  Ape  {MenoceTca,  Fig.  203),  They 
were  already  in  existence  during  the  earlier  part  of  the 
Tertiary  Epoch  (during  the  Eocene  Period),  as  is  sbowo  liy 
fos.'til  remains  of  Eocene  Catarhinea  Among  extAOt  Tailtd 
Ape3,  the  Slender  Apes  (Semnoj/iULeci)  are  perhaps  nio»t 
neaa-ly  related  to  this  parenHbrm.'* 

A^  the  twcutieth  stage  in  the  human  pedigree,  next  to 
these  Tailed  Apes,  we  must  rank  Uie  Tail-lesa  man-like  Apet 
(AntJiropoules),  under  which  name  the  most  highly  de- 
veloped Catarhinea,  those  most  nearly  related  to  Uao,  have 
been  grouped.  They  originated  from  tlie  Tailed  Catarhioes. 
by  the  loss  of  the  tail,  the  paiiial  loss  of  their  hairy  cover- 
ing, and  the  further  development  of  the  brato,  lh«  latter 
lieuig  indicated  in  the  preponderating  development  of  Uie 
brain-skull  over  the  faetal  skull  At  the  present  time  but 
few  forms  of  this  remarkable  family  aro  in  c)ciHt«nce ;  they 
ate  distributed  Into  two  diiTcrent  groups,  an  Ai'rican  and  u 
Asiatic  group.  The  African  Man-like  Apes  are  limited  tu 
the  western  part  of  tropical  Africa,  but  are  probably  dii- 
tributed  over  Central  Africa  in  several  spedea.  Only  tWD 
species  are  well  known :  the  Gorilla  {Pongo  gorilla,  «i 
Gorilla,  engina),  the  largest  of  all  Apes  (Fig.  207) ;  and  lli« 
Binaller  Chimpanzee  (Ponjo  troglodytes,  or  Evgeco  tragic- 
dgtes),  which  may  be  seen  in  several  zoological  gardens 
(Figa.  200,  Plate  XIV.  Figs,  1,  2).  Both  the  African  Man- 
like Apea  are  black  in  colour,  and  like  their  countrj-iDeix 
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I&te  Negroes,  have  the  Iiead  long  from  back  to  front  (doli- 
ebocephalic).  The  Asiatic  Man-like  Apea  are,  on  the  con* 
Irary,  mostly  of  a  brown,  or  yellowiali  brown  colour,  and 
have  the  head  short  from  back  to  front  (brachy cephalic), 
Uke  their  countrymen,  the  Malays  and  Mongols.  The 
largest  Asiatic  Man-like  Ape  is  the  well-known  Orang,  or 
Onmg-outang  (Fig.  128),  which  is  indigenous  in  the  Sunda 
blanda  (Borneo,  Sumatra),  and  is  brown  in  colour.  Two 
^>ecie8  have  recently  been  distinguished:  the  great  Orang 
[Satyrua  Orang ;  Fig.  205,  Plate  XIV.  Fig.  3),  and  the  small 
Orang  (Satyrua  morio).  A  genus  of  smaller  Anthropoids 
(Fig.  2(H),  the  Gibbons  {Ilylobates),  live  on  the  main-land 
•f  Southern  Asia  and  on  tlie  Sunda  Islands;  from  four  to 
light  ditferent  epeciea  of  these  have  been  distinguished. 
Neither  of  these  living  Anthropoids  can  be  indicated  as  the 
Ape  absolutely  most  like  Man.  The  Gorilla  approaches 
Dearest  to  Man  in  the  structure  of  the  hand  and  foot,  the 
Cliimjtanzee  in  important  structural  details  in  the  ekuU, 
Ibe  Orang  in  the  development  of  the  brain,  and  the  Gibbon 
In  tlint  of  the  thorax.  It  is  evident  that  no  single  one  of 
these  existing  Man-like  Apea  is  among  the  direct  ancestors 
of  the  human  race ;  they  are  all  the  last  scattered  remnants 
of  an  old,  catarhine  branch,  once  numerous,  from  which  the 
human  race  has  developed  as  a  special  branch  and  iu  a 
ipecial  directioa 

Although  Man  (Somo)  ranks  immediately  nctt  to  this 
knthropoid  Camily,  from  which  he  doubtless  directly  origin- 
llcd,  yet  the  Ape-men  (^PiUtejMiUhropi)  may  be  inserted 
Iwre,  afl  an  important  intermediate  form  between  the  two, 
nd  as  the  twenty-first  stage  in  our  ancestral  series.  In  the 
iv'atur*!   History   of  Creation "  (vol   ii.  p.  203),   I   hava 
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applied  tills  name  to  the  speechless  Primitive  Men  (Alal!^ 
who  mnde  their  appearance  in  what  is  usually  called  th 
human  form,  that  is.  having  the  general  structure  of  M« 
(especially  in  the  ditferentiation  of  the  limbs) — but  ] 
being  destitute  of  one  of  the  most  important  qualities  9 
Man,  namely,  articulate  speech,  as  well  as  of  the  higb< 
mental  development  connected-  with  speech.  The  higb 
differentiation  of  the  larynx  and  of  the  brain  occasioned  I 
the  latter,  first  gave  rise  to  the  true  "  Man." 

Comparative  Philology  has  recently  shown  tliat  tl 
present  human  language  is  polyphyletie  in  origin,  thi 
several,  and  probably  many,  different  original  languagi 
must  be  recognized,  as  having  developed  independently  fi 
each  other.  The  history  of  the  development  of  languagfl 
also  teaches  us  (its  Ontogeny  in  eveiy  child,  as  well  as 
Phylogeny  in  every  race},  that  the  actual  rational  I 
guage  of  men  developed  gradually,  only  after  the  budj 
had  developed  into  the  specific  human  form.  It  is  er 
probable  that  the  formation  of  language  did  not  b^in  t 
after  the  ditlerentiation  of  tlie  various  species,  or  nuws  Q 
men,  and  tliis  presumably  occurred  in  the  beginning  of  t 
Quaternary  Epoch,  or  the  Diluvial  Period.  The  Ape-nu 
or  Alali,  were  therefore  probably  already  in  i 
toward  the  close  of  the  Tertiary  Epoch,  during  the  PUoc 
Period,  perhaps  even  as  eaily  a«  the  Miocene  Period.'** 

Lastly,  the  genuine  or  speaking  human  being  (ffonn 
must  be  considered  as  the  twenty-second  and  6nal  s 
io  our  animal  pedigree,  Man  originated  from  the  prs 
ceding  stage  in  consequence  of  the  gradual  improvemeo 
of  inarticulate  animal  sounds  into  true  human  articoUtl 
spsech.     Only  very  uncertain  conjectures  can  be  formed  M 
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to   the  time  and  place  of  this  true  ''Creation  of  Man.** 
It  is  probable  that  PrimeBval  Man  originated  during  the 
Diluvial  Epoch,  in  the  torrid  zone  of  the  Old  World,  either 
on  the  continent  of  tropical  Asia  or  Africa,  or  on  an  earlier 
Qontinent  which  has  now  sunk  belowthe  surface  of  the  Indian 
Ocean,  and  which  extended  from  Eastern  Africa  (Madagas- 
car and  Abyssinia)  to  Eastern  Asia  (the  Sunda  Islands 
and  Elastem  India).    In  my  "  Natural  History  of  Creation  " 
(Chapter  XXIII.  and  Table  XV),  I  have  already  fully 
discussed  the  important  evidence  as  to  the  former  existence 
of  this  laige  continent^  called  Lemuria,and  how  the  distribu- 
ticm  of  the  various  species  and  races  of  men  probably  took 
place  from  this  "  Paradise  ^  over  the  surface  of  the  earth. 
In  the  same  place,  I  have  also  fully  discussed  the  inter- 
relations of  the  various  races  and  species  of  the  human 


TABLE    XXII. 

Systematic  Survey  of  the  Periods  in  the  Tribal  Hutort  or  the 

Human  Race. 
(Compare  Table  VIII.,  vol.  L  p.  402.) 


FIRST  MAIN  PBRIOD  IN  TRIBAL  HISTORY. 

The  Plaftid  AnoMton  of  Xul 

The  form  of  the  ancestors  of  man  ia  equal  to  the  simple  indiridiial  of  tla 
first  order,  a  single  plastid. 

First  Stage  :  Moneron  Series  (Fig.  1(>3,  p.  4G). 
The  anceetors  of  man  are  single,  living,  simple  ejtodi. 

Second  Stage :  Amoeba  Series  (Fig.  107  p.  68). 
The  ancestors  of  man  are  single,  living,  iimpli  osQi. 

SECOND  MAIN  PERIOD  IN  TRIBAL  BISTORT. 

The  many-celled  Primitiye  Animal  Aneeston  of  Kan. 

The  ancestors  of  man  consist  of  a  closely -nnited  society  of  many  homo* 
goneoas  cells ;  hence  their  form-valae  is  that  of  individuals  of  the  SSMii 
oi-der,  of  Idorgana. 

Third  Stage :  Synamosba  Series  (Fig.  17Qi  p.  55). 

The  ancestors  of  man  are  many-oelled  primitive  *i*im^lf  of  the  simplcfll 
kind :  solid  masses  of  simple,  homogeneous  cells. 

Fourth  Stage  i  Flansa  Series  (Figs.  172, 173,  p.  GO). 

The  ancestors  of  man  are  many  •celled  primitive  animals  of  a  ohanetcr 
like  that  of  the  MagosphcBra  and  certain  plannla-larvss,  of  eqnal  rank  with 
the  ontogenetic  Blasiula  or  BlastoaphiBra ;  hollow  spheres,  the  wall  of  which 
consists  of  a  single  stratum  of  ciliated  cells. 


THIED  MAIK  PCRIOD  IN  TBIBAI.  HISTOET. 
The  Invenebnte  lutcttinal  Animal  Ancenort  ol 
The  mceslon  oP  msn  hotis  the  form-TalnB  of   indiTidUHla  of  the  ttlrf 
',  of  InutiBiilsta  inditldiula.     Tim  body  enclnseg  an   inlOBtmnt  curilj 
>U  at  first  uf  two  priniu-f  gGiin-lB;NB,  aftBrrrnr'li 


Fifth  Stage  :  GaArsR  Eeiiw  (Figs.  1T4-1T0,  p.  65). 
e  kDoeaton  of  mnn  hnve  the  torm-vslDe  and  ■tincture  of  a  OutmU. 
Tm  body  conaiati  tnerel;  of  a  aimple  primitive  inteetiiie,  the  WkU  of  which 
ll  tunued  of  the  two  primurj  germ-lajera. 

Sixth  SlAge  1  Choidoaiam  Ssiiet  (Piga.  184-188,  p.  80-90). 

Ttie  tiDMatora  of  miui  are  wornu  :  at  first,  primitiTe  wormB,nlliad  to  the 
ItrMlariai  attenrarda  worms  of  higher  laok,  Sfolecida;  Goatly,  tiotochord* 
uimkli  with  the  orgaoiEatiun  of  the  aacidiaa  larvn.  The  boilj  is  oonpwnt 
e(  (wi  rnxoBdoTf  germ-faj  era. 


FOCHTH  MAIN  PEIUOD  IN  TKIBAL  DISTORT. 
The  Vartebrate  Ancecton  of  Han. 
heuiMiton  of  man  are  Terlohmtta,  and  their  form-Tolne  is,  thBrefoi*, 
"'■>  af  aa  aitUalatad  indindnal,  or  a  nham  of  metaraera.  The  akin-aeoiior; 
"Itt  It  apeoiatised  into  the  born -plate,  inedullur;  tube,  and  primiliro 
tiihitya.  The  slciu-fibroiu  layer  baa  divided  into  the  leather-plale,  primitiTe 
"tcbna  (maaeular  plate  and  aketoton-piate),  and  the  notochord.  From 
'''  intMiliiuU.niiroiu  layer  originates  the  heart  with  the  niBin  b1ood>vesB«l8 
*''i  the  flsihj  iotcatioal  onll.  From  the  inleatinaUgluadnlnr  layer,  the 
tfvtkcllam  of  the  iDtuatianl  tube  i*  formed.     The  foi-matiol 


IWrvnthStase:  AeranU  Seriei  (Fi^.  188;  PL XI.  Fig.  15). 
The  anci-Kinn  of  man  are  ikall  leu  vartebratet.  liVe  the  extant  Amfhl> 
■U.  Tha  hndjr  alroadj  forma  a  ciisin  of  metameta,  leTprol  primiti»e 
crtabrB  baring  aeparated  oB.  The  head  is  not  yet  entirely  distioot  bvm 
hi  trank.  The  niedullarj  tube  haa  not  separated  into  brain-hliidder*.  The 
{■ft  ia  vRry  ainiplo,  withuut  ohannbera.  The  aknll  ia  still  waatiDg;  aa  are 
hn  Um  Jawa  Wul  lilnba. 
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Eighth  Stage:  KoBorhiu  Sarieg  (Fi?.  190;  PI.  XI.  Fig.  16). 
The  anopetoni  of  roan  nre  jnir-lnia  ikoUtd  anitaall  (•Memblin^ 
devctopcd  MirxiaoidM  and  PetromriontH).  The  immber  of  tho  metainer 
inoreaaing.  The  heiid  IH  befoming  more  diatinctly  difTereutiotcd  from 
traok.  The  anteriur  onil  of  ifae  medultnry  tube  sttrelU  into  a  bbtdiler-l 
BtmctnrB  and  forma  (he  bmin.  whiuh  is  soon  differealiated  into  five  tn 
bladders.  Al  the  ■ides  of  these  Hppeor  the  three  liigher  orgnns  of  Mi 
The  heart  is  dirided  into  auricle  and  ventricle.  The  jaws,  limb^  i 
■wimmiag-blodder  are  atill  wiialicg. 

KiDth  Stage :  Iobtli7oda  SeHei  (Figa.  1!)1,  192 ;  PI.  XIL  uid  XUI.). 
The  anceHtan  of  man  are  flah-lika  alnilled  anlmali :  first, 
KitiM  ISeUichii),  then  mnd-llihM<n;Dnaiuta),tlieD  ^ed  Satneliiana  (Sara 
I  Tbe  aDcestora  belonging  Co  tliia  k-httijoda  stage  deTelup  two  pnin  of  lini 
ur  of  anterior  limbi  (pectoral  GnE)  and  a  pait  of  povterioc  limba  (real 
Sdb).  Tba  gill-arobea  are  turmed  between  tbe  gill-openingi,  and  fnna  ti> 
«n  formed  the  Bnt  pair  rf  jnw.aruhes  (npper  and  tower  javt).  1 
■wimming'bladder  (luugi),  liTer,  and  panoreaa  gnnr  from  tba  Jul i alii 

Tenth  SMge :  Anniotft  Seriet  (Figs.  IOS-208 ;   PI.  XTT.). 

The  ancestora  of  innn  are  amniDD  animali  or  sill.leMTarubntMr  Sm, 

PrlmltivD  anmieCa  (Frotnmniu),  then  PdmitiTe  mammali  {Haitatrttta];  atO^ 

Poncbed  animal!   (Uuraupiulia)  i    thun   Semi-apei  (Pmiimfa),  and,  luilr, 

I    Apat  (Simi").      The  ape-ancestorB  of   man  are  first  tailod  Calarkim.iirm 

\    tbil-leaa  Catarhini  {Anthropoidei),  thpn  speechlcu  Ape.meti   [Alaii),. 

>   laat  genuioe,  ipcaking  men.    The  ancestors  belonging  to  thja  ami 

■eries  develop  an  aoiuion  and  allantois,  and  gradoally  aci{iiiro  Uw  ran- 
nialiau  stroctore,  and  at  lut  tho  Bproiflo  hcmin  form. 


TABLE    XXIII. 

Sj^temntio  Snrvoj  of  Llie  Hbylugenetio  ClaasiEcation  of  M>inni&li. 
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r.  PicD*Khoi>M     . 


■-lAcanUl 
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ABLE    XXIV. 
Pedigree  of  Mammals. 


Elephants 
Prohoscidea 

Rivlc  Couies 

*  A  .tnungia 

I 


Eominot 


Fnlse-horfecl 

Cit^lophora  Flat-nosed  Apei 
I  I'latyrhinm 

^natoing  Animals * — 


Bnts 

Man.like  Apes    Nycteridsi 
ArUhropoiduB  | 

I  Flying  Foxes 

Karrow-nosed  Apeii     Pteroqfnea 
Catarhina     /Igtnff  ftnimall 

CLiroptaZft 


Sea  bentU  of  prrj 
FiniUptdia 


Whalo8 
Crtucea 

1   • — 

Soa^Cows 
Sirenia 

SClhalr^famils 
Cetomorplia 


KoofrU  Animals 
Ungulata 


GQithout  Qtrtlltii 
Indeeidnata 


Fingered  animals  81mi» 
Leptodaciy  'a 

I 


Land  beasts  of  pnj 

Camivam 

Flying  Lemnn  | 

rt^napleura      Crastsoffini 

farniMw 


I 


Lemurs 
lirachy  tarsi 


I 


Toothless 
Edentata 

I 


I 


Insect-caieif 
liong.footed  Inaectinn 
Macrotarti  | 

I 


Scmi-apes 
Protimia 

Dccitiuous  Snimab 
Decidnata 


iJlarrntal  Animals 
Floeentalia 


ilfnbivoroas  Poached  Anintals 
Marsupialia  hotanophaga 


CarniTorons  Pouched  AnfinMs 
Maisupialia  MOophaga 


i3ourl)rli  Animals 
B^wked  Animals  L.aisapialia 

Ornithitstoma  I 


I 


Fr  iiiiLive  ManiinaU 
PromammaUa 

^risiral  Animals 
Monotrema 
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TABLE    XXV, 

Pedigree  of  Apes, 


fHan 
Homo 


GorilU 
impamee  Qorilla 
Mng0co 


Alalui 


Sfriran 


Orang-Oatang 
Satyrua 


Gibbon 
UylobeUeB 


Slsiatic 
|Hait«ltke  Spes 


iHaiultfte  Spes 
Anthropoidef 


kApft 
piUida 


CIntcb. tails 
Lahiducerca 

I. 


Nose  ApM 
Tall  Apes  Nat  i  lis 

Semnopithecus 


Sea  Cat 
CercojpithecvM 


Baboons 
CynocffphaXiu 

I 


Flap.tails 
Aphyocerca 


Flnt-noseil 
FlatTrhixus 


Cailrt  Qpcs  , 
Menooerca 


9pr8  of  ®Iti  WinxXA 

Narrow-nosed 
Catarhinw 


ii^rmt'^pef 


CHAPTER  XX. 

THE  HISTORY  OF  THE  EVOLUTION  OF  THE  EPIDERXIB 

AND  THE  NERV0U8  8Y8TEBL 


^uiinal  and  Vegetative  Organ-sTsteins  — Original  Rolatiofos  ot  tbete  totbi 
Two    Primarj    Germ-layers. — Sensory    Apparatus. — ConstttiMnli   flf 
Sensory  Apparatus:  originally  only  the  Exoderm,  or  Skin-layer;  titM* 
wards,  the  Skin-covering  specialized  from  the  Nerve-Bystem. — ^Dodbla 
Function  of  the  Skin  (as  a  Covering  and  as  Organ  of  Touch). — Oiter 
Skin  {Epidermis)  and  Leather-skin  (Cortum). — Appendages  of  the  Epi- 
dermis:   Skin-glands  (Sweat-glands,  Tear-glands,  Sebaocooa  Qlaad^ 
Milk-glands);  Nails  and  Hair. — The  Embryonic  Wool-cpvering. — Hair 
of  the  Head  and  of  the  Beard. — Inflaence  of  Sezoal  Selectioii. — ^Antmnge- 
ment   of    the'  Nerre-system. — Motor  and    Sensory  Nerves. — Osntnl 
Marrow  :  Brain  and  Dorsal  Marrow. — Gonstitntion  of  the  Hamaa  BimiB : 
Large  Brain  (Cerebnim)  and  Small  Brain  {Oer&beUum). — Oompanlifs 
Anatomy  of  the  Central  Marrow. — Germ-history  of  the  Hednllsdry-tiibs. 
— Separation  of  the  Medullary-tnbe  into  Brain  and  Dorsal  JCsrimr. 
— Moditication  of  the  Simple  Brain-bladder  into  Five  Consecutive  Bciin. 
bladders :  Fore-brain  (Large  Brain,  or  Cerebrum^  Twixt-brain  ("Oeotie 
of  Sip:ht "),  Mid-brain  ("  Fonr  Bulbs  "),  Hind-brain  (SmaU  Brain,  or  Gfn- 
hrllum).  After-brain  (Neck  Modnlla)^ — ^Varioos  Formation  of  the  Five 
Brniifbladdors   in   the  various  Vertebrate  Classes. — DeTelopmeat  cf 
the  Conductive  Marrow,  or  **  Peripheric  Nervous  System.** 

"  ITnrdly  any  par*,  of  the  bodily  frame,  then,  coald  be  fonnd  betlsr 
calculated  to  illustrate  the  truth  that  the  stmctnral  diflSbrenoes  between 
Man  and  the  highest  Ape  are  of  loss  value  than  those  between  the  highest 


T 


tire  dettelotoest  or  the  or.cAxa.  igi 

•"Jllslowec  Ape^  than  tbelmndor  llie  foot,  unci  jot,  po^ll»p^  tliore  iaune 
"mn  which  enforoea  Ihe  some  oorichisiin  in  a  attll  more  atriking  mantior — 
"d  :bl  ii  the  btain."— Jfan'i  Place  in  Ifaturt,  p.  94  (1863). 

"Ii  ir  to  demonstntte,  bj  n  ■triking  o>nuiplc>.  Ihe  imposaibilitj  oF 
"i^m^  mj  cerebral  barrier  between  M:in  Bud  the  A()o»,  Nuturo  hn* 
Cn^^  OS,  in  tbe  lalter  animiili,  with  an  almost  cooiplole  seriea  of  gra- 
^'■mi,  ttom  brains  little  higtior  than  thai  of  a  Eodoit  lo  brains  llCLIe  lower 
lliui  Uiu  ti  Uul"— litil  u.  96. 


'^'Tl  inyostigations,  up  to  the  present,  have  shown  us  how 

'he  vhole  human  boily  has  developed  from  an  entirely  simple 

(eginmng,  from  a  single  simple  cell.     Tlie  whole  human 

raoe,aa  well  as  the  individual  nutn,  owes  its  origin  to  a 

simple  cell.    Tlie  one-celled  parent-form  of  tlie  foi-mer  is,  even 

yet,  repr>jduced  in  the  ono-celled  gernt-form  of  the  lattei. 

!a  cunclu.sion,  we  must  glance  at  the  evolutionary  history  of 

the  separate  parts  which  constitute  the  human  body.     In 

tliis  matter,  I  must,  oi  coarse,  restrict  myself  to  the  most 

gi-oeral  and  important  outlines ;  for  a  detailed  study  of  the 

erolutionary  history  of  tlie   separate   organs   and    tissues 

ITDuIil  occupy  too  much  apace,  and  would  demand  a  greatLr 

exient  of  anatomical  knowledge  tlian  the  generality  of  my 

teaden  are  likely  to  possess.     In  considering  the  devclop- 

Biftnt  of  the  organs,  and  of  their  functions,  we  will  retain  the 

itttltod  previously  employed,  except  that  we  will  consider 

le  genn-hifttory  and  the  tribal  history  of  the  various  part« 

■  the  body  in  common.     In  the  history  of  the  evolution  of 

te  human  body  as  a  whole  we  have  found  that  Phylogcny 

Bverywhcre  servos  to  throw  light  on  the  obscure  coui-se  of 

ntogcny.  and  that  the  clew  all'orded  by  phylogenclic  con- 

iinuity  alone  enahl-^s  us  to  find  our  way  through  the  labyrinth 

of  ontog<:inctic  facta     We  shall  experience  exactly  the  same 

in  the  history  of  tbft  developniont  of  the  separate 
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orgBJis ;  but  I  Bball  be  compelled  to  explain  the  ontogenetii 
and  the  phylogenetic  origin  of  the  organs  siniultaiicouslj 
for  the  further  we  penetrate  into  the  details  of  organic 
development,  and  the  more  minutely  we  study  the  origin 
of  the  separate  parts,  the  more  clearly  do  we  see  hoD 
I  inaeparably  the  evolution  of  the  germ  is  connected  wil 
that  of  the  tribe.  The  Ontogeny  of  the  organs  is  intelligib] 
and  explicable  only  through  their  Phylogcny ;  just  as  t 
germ-hiatory  of  the  entire  body  (the  "  person  ")  is  readei 
intelligible  only  by  the  history  of  the  tribe.  Each  germ 
form  is  determined  by  a  corresponding  ancestral  form, 
la  as  true  of  the  parts  as  of  the  whole. 

In  endeavouring,  with  the  help  of  this  fundamental  Ul 
of  Biogeny,  to  obtain  a  general  view  of  the  main  features  il 
the  development  of  the  separate  organs  of  man,  we  must,  i 
the  first  place,  consider  the  animal,  and  then  the  vegetativt 
organ-systems  of  the  body.  Tlie  first  main  group  of  organi 
the  animal  oi^an -systems,  is  formed  by  the  sensory  apparatiil 
together  with  the  motor  apparatus.  To  the  former  belon) 
the  akin-covering,  the  nervous  system,  and  the  organs  of  t 
senses.  The  motor  apparatus  consists  of  the  passive  ot^gan 
of  movement  (the  skeleton)  and  the  active  organ.s  (tb 
muscles).  The  second  main  group  of  organs,  the  vegctatiri 
organ-system,  is  formed  by  the  nutritive  and  the  repro 
ductive  apparatus.  To  the  nutritive  apparatus  biJong 
especially  the  intestinal  canal  with  all  its  appendagct 
together  with  the  vascular  and  renal  systems.  The  i 
ductive  apparatus  includes  the  various  sexual  organs  (tl 
gcrm^lands,  germ-ducts,  organs  of  copulation,  etc.). 

In  earlier  chapters  (IX.  and  X.)  it  has  been  stated  thl 
(he  animal  organ-systems  (the  instruments  of  sensation  a 
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of  movement)  proceed  especially  from  the  outer  primary 
u-layer,  from  the  skin-layer.  The  vegetative  organ- 
systemR,  on  the  other  hand  (the  instruments  of  nutrition  and 
reproduction),  proceed  principally  from  the  inner  pi'imary 
(^rm-layer,  from  the  intestinal  layer.  This  radical  contrast 
l.-ctween  the  animal  and  the  vegetative  spheres  of  the  body 
in,  it  is  true,  hy  no  means  absolute  either  in  man  or  in  the 
higher  anlnials ;  on  the  contrary,  many  separate  parts  of  the 
animal  appar&tus  {e.g.,  the  intestinal  nerve,  or  sympathetic) 
originated  fi'om  cells  which  have  proceeded  from  the  ento- 
derm ;  and,  on  the  other  hand,  a  large  part  of  the  vegetative 
apparatus  (e.3.,  the  mouth-ca\-ity,  and  probably  the  greater 
part  of  the  urinary  and  sexual  organs)  is  formed  of  cells 

hich  are  originally -derived  from  the  exoderm.  Moreover, 
in  the  bodies  of  all  the  more  highly  developed  animals,  the 
most  heterogeneous  parts  are  so  intermixed  and  blended 
that  it  is  often  extremely  difficult  to  assign  its  true  source 
to  each  one  of  the  constituent  parts.  But,  on  the  whole,  we 
may  assume  aa  a  cei-tain  and  important  fact,  that  in  Man, 
and  in  all  high  animals,  the  greater  part  of  the  animal  organs 
znuat  be  referred  to,  the  skin-layer,  or  exoderm ;  the  greater 
part  of  the  vegetative  organs  to  the  intestinal  layer,  or 
entoderm.  For  this  reason,  Baer  called  the  former  the 
animal  germ-layer,  the  latter,  the  vegetative  germ-layer 
(Cf  vol.i.pp.  53  and  196),  Ofcourse,  in  making  this  important 
a«tiroption,  we  pre-supposa  the  correctneas  of  Baer's  view, 
according  to  which  the  skin-fibrona  layer  (the  "  tlesh 
Btrotom"  of  Baer)  must  have  originated  dihylogenecically) 
from  the  exoderm,  and,  on  the  other  hand,  the  inte-stinal- 

[■roiia  layer  (Baer's  "  vascular  layer")  from  the  entoderm. 
This  influential  view,  which  is  yet  much  disputed,  is,  we 
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Sfstemstio  Surrpy  of  the  Organ- Sjatanw  of  the  HaaiBn  Bodj. 

(N.B. — Tbe  origin  of  the  separate  organs  from  the  fnnr  ■ecooduy  grra 

laj'erg  is  jndiuitcd  b;  the  Ruman  nameralB  (I.-IV.)  :  1.  Skln-Bensoiy  IkTCTi 

[I.  Bkin.fibroni  Isjeri  III.  IiitoBUnal-GbroDS  laTerj  IT.  lut^itiiikl.gUnC 

nlar  laj'er.) 

in-coTFHng      /  OnlTT 


{  Uitliu  111  Id 


^i^iaWd         It 
biiii  tptutk  I  '■ 


iOfpji  of  loBdi  (ikin)  Orl  <H<M  i 
OigHD  ot  lub  (iMinil  Ofx  cint»  r 
Otfa  04  Lculag  (or)      Oi.  widttM  j 


"•-■"*"")  lilt  a-d4«t) 


(U-ruita^ 


Caunu.  n.  *  QL 
Tiiialju{>li4>i 

cut.  Ul. 


(kovuia>ni  *n.\ 

(II.Tm»«)1«U.| 
Csnnilwil    , 


THE  SESSOBT   APPAEATUa. 


»95 


think,  sectu-ely  founded  on  the  Gastnila — that  moBt  impor- 
tant of  all  the  germ-forms  of  the  animal  kingdom — which 
we  find  recurs  in  similar  form  in  the  germ-hiatory  of  the 
most  diSerent  cla;5ses  of  animals.  Thia  significant  germ- 
Tonn  points  unmistakably  to  a  parent-form  (the  Gastra;a) 
common  to  all  ammals,  the  Protozoa  aIon«  excepted ;  in 
this  long  extinct  parent-fonn  the  entire  body  of  the  animal 
consi&tcd  throughout  life  of  the  two  primary  germ-layers,  as 
is  yet  the  case,  for  a  short  time,  in  the  Gastnila.  In  the 
Gastnea  the  simple  skin-layer  did  actually  represent  all  the 
animal  organs  and  functions,  and  the  simple  intestinal  layer, 
on  the  other  hand,  all  the  vegetative  organs  and  functions ; 
potentially,  this  ia  even  yet  the  case  in  the  Gastrula. 

In  studying  the  development  of  the  firat  important 
part  of  the  animal  sphere,  the  sensory  apparatus,  or  sen- 
Bonum,  we  shall  now  find  how  well  adapted  this  Gastrsa 
Theory  is  to  explain,  not  only  in  a  morphological  but 
in  a  physiological  sense,  the  most  important  facts  in  the 
htstoiy  of  evolution.  This  sensory  apparatus  consists  of  two 
very  distinct  parts,  having,  apparently,  nothing  in  common : 
in  the  6rst  place,  the  extemal  skin-covering  (Derma), 
togetlier  with  its  appendages,  the  hair,  nails,  sweat-glands, 
etc;  wid,  secondly,  the  nervous  system,  situated  internally. 
The  latter  includes  the  central  ner\'ou8  system  (brain  and 
t])in&l  chord),  the  penpheric  brain-nerves  and  medullary 
nervee,  and  finally,  the  organs  of  sense.  In  the  fully 
doveloped  vertebrate  body  these  two  main  constituents  of 
Uie  Bcnaorium  are  entirely  separate;  the  skin  lying  entirely 
oxtemallv  on  the  body,  while  the  central  nervous  system 
{a  within,  and  quite  separate  from  the  former.  The  two 
ftro  connected  merely  by  a  portion  of  the  peripheric  nerve- 
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system  and  of  the  sense-organs.  And  yet,  as  we  already 
know  from  the  germ-hitttory  of  man,  the  latter  is  developed 
from  the  former.  Those  organs  of  our  body  whicli  dischnrg* 
the  highest  and  most  perfect  functions  of  animal  life — tJioM 
of  seasattun,  volition,  thought — in  a  word,  the  oi^gaas  of 
the  psyche,  of  mental  life — arise  &om  the  external  skin- 


This  remarkable  fact,  considered  in  itself  alone,  seen 
wonderful,  inexplicable,  and  paradoxical,  that  the  truth  of  the 
fact  was  simply  long  denied.  The  most  trustworthy  embry»- 
logical  observations  were  met  with  the  erroneous  statement 
that  the  central  nerve-system  develops,  not  from  the  outer 
germ-layer,  but  from  a  special  cell-layer  lying  undemeatli 
thia  The  ontogenetic  fact  would  not,  however,  yield ;  am^ 
now  that  Phylogeny  has  thrown  light  on  the  subject,  the 
fact  seema  perfectly  natural  and  necessary.  When  wi 
TCflect  on  the  historic  evolution  of  mind  and  sense  activiUefl 
we  must  necessarily  conceive  the  cells,  which  accompIiflH 
these,  as  originally  situated  on  the  outer  surface  of  the 
animal -body.  Such  externally  placed  elementary  organt 
could  alone  directly  receive  and  deal  with  imprcssioos  frotA 
the  outer  world.  Ailerwards,  under  the  infiuenoe  of 
natural  selection,  the  complex  cell-masses  which  had  become 
especially  "  sensitive  "  gradually  withdi-ew  into  the  shelter  of 
the  interior  of  the  hotly,  and  there  laid  the  first  foundatione 
of  a  central  nervous  organ.  As  diifcrentiation  advanced, 
the  distance  and  distin;tion  between  the  external  skiit' 
covering  and  the  ccnti-al  nervous  system  detached  from  ih'n 
became  continually  greater,  and  finally  the  two  were  per- 
manently connected  merely  by  the  conductive  periphene 
nervoa. 
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This  view  ia  fully  confirmed  by  the  results  of  Comparative 
Anatomy.  Comparative  Anatomy  shows  that  many  lower 
animals  poaseaa  no  nervous  system,  although,  in  common 
with  higher  animals,  they  exercise  the  functions  of  sensation, 
volition.and  thought.  In  the  Primitive  Animals  {Protozoa), 
which  do  not  even  form  germ-layers,  of  course  the  nervous 
system,  like  the  akin-covering,  is  wanting.  Even  in  the 
second  main  division  of  the  animal  kingdom— in  the  Metazoa 
or  Intestinal  Animals — there  is  at  first  no  nervous  system. 
The  functions  of  these  are  performed  by  the  simple  cell- 
layer  of  the  exoderm,  which  the  lower  Intestinal  Animals 
have  inherited  directly  from  tiie  Ga.str!ra  (Fig.  209,  e).  This 
iaihe  case  in  the  lowest  Plant  Animals  {Zuopbyla),  the  Gaa- 
trmads.  Sponges,  and  the  lowest  Hydroid  Polyps,  which  are 
but  little  higher  than  the  Gasti-ieada  Just  us  all  the  vege- 
tative functions  of  these  are  performed  by  Ui ;  simple  intes- 
tinal layer,  so  all  the  animal  functions  are  discharged  by 
the  equally  simple  skin-layer.  The  simple  cell  stratum  of 
the  exodenn  is,  in  these,  skin-covering,  motive  apparatus, 
and  nervous  system  simultaneously. 

Most  probably  the  nervous  system  was  also  wanting  in  a 
large  proportion  of  those  Primitive  Worms  {Archelmvnthes) 
which  were  developed  directly  fmm  the  Gasti-seada.  Even 
ihoM  Primitive  Worms  in  which  the  two  primary  gei-m-layers 
bad  already  split  into  the  four  secondary  germ-liiyt-rs  (Plate 
V.  Pig.  10),  seem  not  to  have  possessed  a  nervous  system 
disttoctfrom  the  skin.  The  skin-sensory  layer  must,  even  in 
these  long-extinct  Worms,  have  been  at  once  skin-covering 
and  nerve-system.  But  already  in  the  Flat  Wonna  (PlateU 
mirUKe»),  and  especially  in  the  Gliding  Worms  {TurbellaHa') 
which  of  ol]  existing  forms  approach  nearest  to  the  Primitive 
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throAt  ganglion,"  situated  above  the  throat  (Fig,  211,  g ;  Plate 
V.  Fig.  11,  m).  The  complex  central  nervous  system  of  all 
higher  animals  has  developed  from  this  simple  rudiment 
In  the  higher  Worms,  cj.,  the  Earth-worms,  according  to 
Kowalovsky,  the  earliest  rudiment  of  the  central  nervous 
i>yst«m  (Fig  210,  Tt)  is  a  local  thickening  of  the  akin- 
sensory  layer  (!is),  which  afterwards  becomes  entirely 
detAched  from  the  hom-plate.  Even  the  medullary  tube  of 
Vertebrates  has  the  same  origin.  From  the  germ-history 
of  Man,  we  already  know  that  this  medullary  tube,  the 
commencement  of  the  central  nervous  system,  originally 
dEivelops  from  the  outer  skin-covering. 

Let  us  now  turn  aside  from  these  very  interesting 
features  in  evolution,  and  examine  the  development  of  the 
later  human  skin-covering,  with  its  hab-s,  sweat-glands,  etc 
Physiologically, this  outer  covering  {derma,  or  ti'piimentiem) 
(ilays  a  double  part.  The  skin,  in  the  first  place,  forms  the 
general  protective  covering  {inlegumentum  coTtimuTie)  whidi 
C0VSI8  the  whole  surface  of  the  body,  and  protects  all  other 
parts.  As  such,  it,  at  the  same  time,  effects  a  certain  ex- 
change of  matter  between  the  body  and  the  surrounding 
atmospheric  air  (perspiration  or  skin-breathing).  In  Uie 
•Gcond  place,  the  skin  is  the  oldest  and  most  primitive 
•ense-organ,  the  organ  of  touch,  which  effects  the  sensation 
of  thd  surroaoding  temperature  and  of  the  pre.ssure  or  re- 
sistance of  bodies  with  which  it  comes  in  contact. 

The  human  skin,  like  that  of  all  higher  animals,  consists 
easentially  of  two  distinct  parts ;  of  the  outcr-skin,  and  of 
tfad  anderlying  IcathL-r-akin.  The  outor-skin  {epulerviis) 
conaistn  only  of  simple  cells,  and  contains  no  blood-vessels 
(Fig.  212,  ab).    It  develops  from  the  first  of  the  secondary 
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plugs  (2,  g),  eith;r  owing  to  tlie  softening  anC  breakiv 
up  of  the  central  cells,  ur  as  the  result  of  a  fiutd  mtemallji 
secreted.  Some  of  the»e  skin-glands  remain  uobranched,  1 
for  instance,  the  sweat-glands  (e.f.g).  These  glands,  whie^ 
secrete  the  sweat,  are  of  great  length,  their  ends  forming  1 
coil ;  they  never  branch,  however ;  and  the  same  is  to  1 
said  of  the  glands  which  secrete  the  fatty  wax  of  the  eai 


FiQ.  214.— Radimentt  of  temr^lsi 
from  a  homiui  erulirj^n  of  foor  manl 
(Aft^r  Koelliker.)  1,  Earliest  mdiment 
shappoFs  aimple,  lotidplBg.  S  and  S.  For 
thvr  ilefelopod  mdimonlB,  which  bmnct 
and  become  hollow  :  a,  a  solid  oBBbontt 
8,  -wll'COTeriniJ-  of  ths  bullow  o{hbont;jl 
radiraent  of  tho  Gbrojia  corerin^,  whid 
Attcrwordg  furriu  the  leather-skin  ronad 
the  ginuds. 


Jilost  other  sktn-glands  give  out 
shuuta  and  branches,  as,  for  in- 
stance,  the  tesr-glauds,  sitn&t(4 
on  the  upj>er  eyelid,  which  seccvM 
the  tears  (Fig.  214),  and  aW.  the 
sebaceous  glands,  7.'hich  produce  the  iatty  sebaceous  matUf, 
and  generally  opoa  into  the  hair-follicles.  The  swc-at 
and  sebaceous  glands  occur  only  in  Mammals.  Thw  U-ar- 
gland.s,  on  the  contrary,  are  found  in  all  the  tUn-e  claraes  of 
Amnion  Animals,  in  Reptiles,  Birds,  and  Mammals.  The; 
are  not  represented  in  the  lower  Vertebrates. 

Very  remarkable  skin-glands,  found  in  all  Mammals, 
and  in  them  exclusively,  are  the  milk-glands  (glandt^a 
marnvuih'.  Figs.  215,  21G}.  They  supply  milk  for  tht^ 
nouriflhment  of  the  new-bom  Mammal.     Notwithstandioji 
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their  estmonlinaty  size,  these  iniportaut  organs  are  merely 
laipj  Hohaceous  skin-glands  (Plate  V.  Fig.  10,  md).  The 
iDilk  h  jirodnceil  by  liquefiiction  of  the  fatty  milk-cclIs 
within  the  brancheJ  milk-glaml  pouch  (Fig.  215,  c),  just 
as  the  sebaceous  matter  of  the  skin,  ami  the  fatty  matter 
of  the  hair  are  produced  by  the  bi-eaking  up  of  fatty 
sebaceous  cells  within  the  sebaceous  i^kin-glands.  The 
excretory  passages  of  the  milk -glands  enlarge  into  sac-like 
milk-ducts  (t),  which  again  become  narrower  («),  and  open, 
through  from  sixteen  to  twenty-four  miuut«  apertures,  into 
the  nipple  of  the  breast.  The  first  rudiment  of  tliia  large 
and  complex  glaud  is  a  very  simple  conical  plug  in  the 
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outer-akin  (epidermis),  wliich  extends  into  the  leather-ski 
(coriv.m).  and  there  branchea.  In  the  new-born  child  i 
conaista  merely  of  from  twelve  to  eighteen  radiating  lobule 
(Fig.  216).  These  gradually  branch,  the  excretory  passage! 
become  hollow,  and  a  large  quantity  of  fatty  matter  collect! 
between  the  lobules.  Thua  is  developed  the  prommeni 
brea.st  of  the  female  (mamma),  on  the  auramit  of  whidk 
rises  the  nipple  (iTUtminillu),  adapted  for  being  sucked," 
The  nipple  does  not  appear  until  after  tte  milk-gla 
is  already  formed;  this  ontogenetic  phenomenon  is  vet 
interesting,  because  the  more  ancient  Mammals  (the  parent 
forma  of  the  entire  class)  had  no  nipples.  In  them,  the  mill 
simply  emerged  through  a  plane,  sieve-like  perforated  spc 
in  the  abdominal  skin,  as  is  even  now  the  case  in  the  lowest 
extant  Mammals,  the  Beaked  Animals  (flftmo^rematti ;  p.l46)b 
On  account  of  this  character  these  animals  may  be  cellei 
Antasta  (without  nipple).  In  many  of  the  lower  mammal 
there  are  numerous  mijk -glands,  situated  at  various  points  ol 
ihe  ventral  side.  In  the  human  female  there  Is  usually  only 
a  pair  of  milk -glands,  placed  on  the  point  of  the  breast,  »s  idi 
Apes,  Bats,  Elephants,  and  some  other  Mammals.  Occasion- 
ally, however,  even  in  the  human  female  two  pairs  of  brcart 
glanda  (or  even  more)  appear,  lying  one  behind  the  other; 
this  must  be  regarded  as  a  reversion  to  an  older  parent- 
form.  Si)metimes  these  glands  are  well  developed  even  iD 
the  male,  and  are  capable  of  being  sucked,  though  as  a  ml» 
they  exist  in  the  male  sex  only  as  rudimentary  oi^ans  with- 
out  function. 

Just  OS  the  skin  glands  originate  as  local  groirths  ol 
the  outer  skin  in  an  inward  direction,  ao  the  appendage* 
of  the  skin,  called  hair  and  nails,  originate  as  local  growtln 
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of  the  outer  skin  in  an  outward  direction.  The  naila  (un- 
gues), which  are  important  protective  formations  over  the 
hind  surface  of  the  most  sensitive  parts  of  our  limbs — the 
tipa  of  the  Bngora  and  toea — are  horny  products  of  the 
cpidennia,  common  to  us  with  the  Apes.  In  their  place, 
the  lower  Mammals  generally  possess  claws,  and  tlje 
Hoofed  Animals  (Uvgvlata)  hoofs.  The  parent-form  of 
Mammals  undoubtedly  bad  claws,  such  as  appear  in  a 
rudimentary  state  in  the  Salamander.  The  hoofs  of  the 
Hoofed  Animals  and  the  nails  of  Apes  and  of  Man  originated 
from  the  claws  of  more  ancient  Mammala  In  the  human 
embryo  the  first  rudiment  of  the  nails  first  appears  (between 
the  hom-Iayer  and  the  mucous  layer  of  this  outer  sk'm) 
in  the  fourth  month.  Their  edges  do  not,  however,  project 
until  the  end  of  tho  sixth  month. 

The  most  interesting  and  important  appendages  of  the 
outer  skin  are  the  hairs,  which,  on  account  of  their  peculiar 
structure  and  mode  of  origin,  must  he  regarded  as  very 
characteristic  of  the  whole  Mammalian  class  Hairs,  it  is 
true,  appear  widely  distributed  in  many  lower  animals,  e.g., 
in  Insects  and  Worms.  But  these  hairs,  like  those  of  plants, 
are  thread-like  processes  of  the  outer  surface,  and  differ 
from  Mammalian  hairs  in  their  characteristically  finer 
structure  and  in  their  mode  of  development  Hence  Oken 
rigtitly  called  Mammals  "  hairy  animals."  The  hairs  of 
Man,  as  of  all  other  Mammals,  consist  simply  of  epidermic 
cells  peculiarly  differentiated  and  arranged.  In  their  first 
state,  they  appear  in  the  embryo  as  solid  plug-shaped  pro- 
cesses of  the  epidermis  which  penetrate  into  the  underlying 
leather-skin  (conum),  as  do  the  sebaceous  and  the  sweat 
^jandl.     Aa  in  the  latter,  the  simple  plug  consists  originally 
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of  the  ordinarj'  epitleimic  cells.  Within  tlii»  i 
central  cellular  mass  of  conical  shape  soon  forms.  Thl 
increases  considerably  in  length,  detaches  itself  from  i 
surrounding  cellular  mass,  the  "  root-sheath,"  and  Gnall; 
makes  its  way  to  the  outside,  appearing  above  the  out« 
surface  as  a  hair-stein.  The  deepest  part,  buried  in  1 
skin,  the  hair  follicle,  is  the  root  of  the  hair,  and  is  si 
rounded  by  the  root-sheath.  In  the  human  embryo  t 
first  hairs  make  their  appearance  at  the  end  of  the  fifi] 
or  in  the  beginning  of  the  sixth  month. 

During  the  last  three  or  four  months  before  birth  tl 
human  embryo  is  usually  covered  by  a  thick  coating  of  del 
cat©  woolly  hairs.  This  embryonic  wool-covering  (lanuyti^ 
is  often  lost  during  the  last  weeks  of  embryonic  life,  fuu] 
at  any  rate,  soon  after  biith,  when  >t  is  replaced  by  tbf 
thinner  permanent  hair-covering.  These  lat«r  permanenk 
hairs  grow  out  ttf  hair  follicles  which  are  developed  from 
the  root-sheaths  of  the  deciduous  woolly  hair.  In  tb*> 
human  embryo,  the  embryonic  woolly  hair  usually  coven 
the  entire  budy,  with  the  exception  of  the  palms  of  tht 
hands  and  the  soles  of  the  feet,  Tiiese  parts  remain  banv 
just  as  in  all  Apes  and  roost  other  Mammals.  Not  i 
frequently  the  woolly  coat  of  the  embryo  diffeis  considerably 
in  colonr  from  the  later  permanent  hairy  covering.  Thai 
foi  instance,  it  sometimes  happens  in  our  own  Itulo-Qer> 
manic  raee  that  fair-haired  parents  are  shocked  to  fiad 
their  children,  at  their  first  appearance,  covered  by  a  daik 
brown,  or  even  black,  woolly  covering  It  is  only  after  thia 
baa  been  shed,  that  the  permanent  fair  hair,  which  th« 
child  inlierits  from  its  parents,  makes  its  appearance^ 
Oecasionally  the  dark  hair  ia  retained  for  sevaral  week^ 
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even    months,  after    birtli.     This    remarkable  woolly 
ering  can  only  be  explained  as  an  inheritance  from  our 

ordial  long-haired  ancestors,  the  Apes. 
It  is  equally  worthy  of  note  that  many  of  the  higher 
K^ea  resemble  Man  in  the  thta  coat  of  hair  which  coveis 
Jtttain  parts  of   their  body.     In  most  Apes,  especially  in 

r  higher  Catarhines,  the  face  is  nearly  or  even  quite  bare, 
la  corered  with  hairs  as  thin  and  as  short  as  those  of 
ICan.  In  these  Apes  also,  just  as  in  Man,  the  hair  on  the 
•ck  of  the  head  is  usually  distinguished  by  its  length, 
the  males  often  have  much  beard  and  whisker.  (Cf. 
ig.  202,  p.  175).  In  both  cases  this  masculine  adornment 
lA  been  acquired  in  consequence  of  sexual  selection. 
I  some  Apes  the  breast  and  the  inner  sides  of  the  joints 
e  veiy  thinly  covered  with  hair — far  less  abundantly  than 
the  back  and  the  outer  sides  of  the  joints.  On  tlie  other 
ind,  we  not  unfrequently  see  the  shoulders,  the  back,  and 
e  out«r  sides  of  the  Umbs  thickly  covered  with  hair  in 
en  of  Indo-Gennanic  or  Semitic  race.  It  is  a  well-known 
tt  Uiat  in  some  families  abundant  hair  on  the  body  Ls 
ireditary,  as  is  the  relative  vigour  and  character  of  the 
ur-growtb  of  the  beard  and  head.  These  great  differences 
,  the  total  and  partial  hairiness  of  the  body,  which  appear 
iry  striking  not  only  when  we  compare  different  races  of 
Bn,  but  even  when  we  compare  many  families  belonging 
<  the  same  race,  are  very  simply  explained  by  the  fact 
lat  the  entii-e  hairy  covering  of  Man  is  a  rudimentary 
B»o,  an  unused  inheritance,  which  has  been  transmitted 
tim  the  more  hirsute  Apes.  In  this  matter,  Man  resembles 
le  Klephant.  Rhinoceros,  Hippopotamus,  \\'haJe,  and  other 
iiuiiittal.t  of  variouM  orders  which  Iiavo  also  entirely  or 
4T 
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partially  lost  their  original  coat  of  htar  in  consequence  oi 
adaptation.'" 

11)6  form  of  Ailaptation  which  has  degraded  the  grovtl 
of  hair  on  most  parts  of  the  human  body,  while  preaer^-inj 
it,  or  even  greatly  developbg  it,  on  certain  paita,  was,  In  al 
probability,  sexual  selection.  As  Darwin  has  very  dearij 
shown  in  hla  work  on  "  The  Descent  of  Man,"  sexual  Belee 
tion  has  had  especially  great  influence  in  this  respect, 
consequence  of  the  male  Anthropoid  Apes,  in  selecting  i 
partner,  preferring  those  females  which  were  least  baiijj 
AJid  in  consequence  of  the  females  preferring  those  anita 
which  were  distinguished  by  peculiarly  fine  beard  or  head 
hair,  the  general  hirsuteness  of  the  body  was  gradual^ 
degraded,  while  the  heard  and  the  hair  of  the  bead  wef 
advanced  to  a  higher  degree  of  perfection.  Climatic  eoi 
ditions,  and  other  circumstances  unknown  to  va,  ma 
however,  also  have  promoted  the  loss  of  the  hairy  coat 

In  proof  of  the  assertion  that  the  hairy  covering  i 
Man  is  directly  inherited  from  the  Anthropoid  Apes,  n 
tind,  according  to  Darwin,  a  curious  evidence  in  the  direo 
tion,  otherwise  inexplicable,  in  which  the  rudimentaij 
hairs  lie  on  our  arms.  Both  on  the  upper  and  on 
lower  arm  the  hairs  are  directed  towards  the  elbow,  wheH 
they  meet  at  an  obtuse  angle.  Except  in  Man,  this  8trikin| 
arrangement  occurs  only  in  the  Anthropoid  Apes,  the  (jorilli 
Chimpanzee,  Orang,  and  several  species  of  Gibbona.  Ii 
other  Gibbons  the  hairs  of  both  the  lower  and  the  upper  am 
are  directed  towards  tlie  hand,  as  in  other  Mammals.  Thil 
remarkable  peculiarity  of  Anthropoids  and  of  Man  < 
only  he  explained  on  the  assumption  that  our  common  ape- 
like ancestore   were   accustomed,  as  they  are   even  no*; 
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during  rain,  to  biing  their  hands  together  over  their  heads, 
or  over  a  branch  overhanging  their  heads.  Tlio  reveraa 
directicin  of  the  hairs,  when  the  arms  were  in  tliis  position 
caused  the  rain  to  nin  off.  Thus,  even  yet,  the  direction 
of  the  Iiairs  on  our  lower  arm  testifies  to  this  advantageous 
habit  of  our  Apc-anccstors. 

If  the  skin  and  ita  appendages  are  minutely  examined, 
Comparative  Anatomy  and  Ontogeny  supply  many  similar 
intportant  "  records  of  creation,"  showing  that  they  are 
directly  inherited  from  the  akin-covering  of  the  Ape.  Wc 
obtained  our  ekin  and  hair  by  inheritance,  immediately 
from  Anthropoid  Apes,  these  from  the  lower  Apes,  which, 
in  turn,  inherited  the  same  parts  from  lower  Mammals. 
This  is  also  true  of  the  other  great  organ-system  which 
hi  devdopeil  from  the  akin-sensory  layer — of  the  nervous 
Ryst«m  and  tlie  sensory  organs.  This  very  highly  developed 
organ  system,  which  performs  the  highest  vital  functions — 
those  of  Uie  mind — we  have  inherited  immediately  from 
the  Apes,  and  mediately  from  Mammals  of  a  lower  order. 

The  human  nervous  system,  like  that  of  all  other 
Miunmals,  is,  in  its  developed  condition,  a  very  complex 
apparatus,  til e  anatomical  arrangement  and  the  physiological 
activity  of  whicli  may,  in  general  terms,  be  compared  to  a 
tdcgraph  system.  The  central  marrow  (medulla),  or  cen- 
tral nervous  system,  represents  the  principal  station,  the  in- 
numerable "ganglion  cells"  (Fig,  7,  vol.  i.  p.  129)  of  which  are 
eonnectc-d  with  each  other  and  with  numerous  very  delicate 
conducting  lines  by  their  branched  processes.  The  latter 
are  the  peripheric  "  nerve  fibres,"  distributed  over  the  whole 
mriace  of  the  body;  these,  together  with  their  terminal 
apparatus,  the  8ense-oi;gans,  etc.,  constitute  the  "conductive 
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marrx>w,"  tlie  peripheric  nervo-systeui.  Some,  as  sensor 
noi-ve-fibret),  convey  the  sensations  of  the  skin  and  of  otlH 
eense-organa  to  the  central  inodulla ;  others,  as  motor  nerr» 
fibres,  ti'ansmit  the  impulses  from  the  centi'al  marrow  to  i 
muscles. 


— namiLii  e 
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The  central  nervous  By.')t[-in,  or  eentral  marrow  {mcihiU 
centralis),  is  the  actual  organ  of  mental  activities,  in  tb 
strleler  Sense.  Whatever  \'iew  is  taken  of  tho  IntimAl 
connection  between  this  organ  and  its  functions,  it  jjt,  i 
least,  certain  that  those  of  its  special  activities  which  n 
call  sensation,  volition,  and  thought,  are  in  man,  a«  in  a 
the  higher  animals,  inseparably  connected  with  the  normi 
iJev(;lopm<.'nt  of  this  material  organ.  Hence  we  must  neoeS' 
aoriiy  take  a  deop  interest  in  the  history  of  the  tlevelopmi 
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of  this  organ.  As  it  alone  can  give  us  the  most  important 
information  as  to  the  nature  of  our  " mind"  it  commanda 
our  most  earnest  attention.  For  if  the  central  marrow 
ilcvelops  in  the  human  embrj'o  exactly  as  in  the  embryos 
of  all  other  Mammals,  then  the  development  of  the  human 
mental  organ  from  the  same  central  organ  of  other  Mammals 
and,  more  remotely,  from  that  of  lower  Vertebrates,  cannot 
be  qaestioned.  It  is,  therefore,  impossible  to  dispute  the 
enormous  significance  of  these  phenomena  of  development. 

In  order  to  appreciate  these  rightly,  a  few  words  musl 
first  be  said  a^  to  the  general  form  and  anatomical  construc- 
tion of  tlie  developed  central  marrow  in  Man.  Like  the 
central  nervous  system  of  all  other  Skulled  Animals  (Cra~ 
niota),  it  consista  of  two  distinct  parts :  firstly,  of  the  brain 
or  the  medulla  of  the  head  (_enccphalon,  or  vieduUa  ca- 
pitis), and,  secondly,  of  the  spinal  marrow  (mtdulla  spi- 
nalia).  The  former  is  enclosed  in  the  bony  skull,  or  "brain 
caae,"  tlie  latter  in  the  bony  vertebral  canal,  whicli  ia  com- 
posed of  a  consecutive  series  of  vei'tebne,  shaped  like  signet 
tings.  (CC  Plate  V.  Fig.  16,  m.)  From  the  brain  proceed 
twelve  pairs  of  head  nerves,  from  the  spinal  marrow  thirty- 
one  pairs  of  medullary  or  spinal  nerves  for  the  remainder 
of  the  body.  The  spinal  marrow,  when  examined  merely 
■natomicully,  appeal's  as  a  cylindrical  cord  with  a  spindle- 
Bhaped  swelling  in  the  region  of  the  neck  (at  the  last  of  the 
noek-vcrtehnf)  and  another  in  tlie  lumbar  region  (at  Uie 
first  lumbar  vertebra.  Figs.  217,  218).  At  the  swelling  at 
thu  throat  the  large  nerves  of  the  upper  limbs  pass  oil'  from 
the  spinal  maiTow,  and  those  of  the  lower  limbs  from  the 
swelling  in  the  luml>ar  region.  The  upper  end  of  the  spinal 
nuTow  passes  through  the  neck-marrow  (jnedulUt  ohlon- 
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gala)  into  the  brain.     The  spinal  marrow  appoara  indeed  | 
be  a  dense  moss  of  nervous  subst-ance ;  but  along  its  t 
pas.%es  a  very  narrow  canal,  which  ia  continued  i 
into  the  larger  cavitiea  of  the  brain,  and  which,  like  tho 
cavities,  is  filled  with  a  clear  fluid. 

The  brain  forma  a  considerable  mass  of  nervous  suIm 
stance,  of  very  complex,  minute  structure,  which  occupi 
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tho  greater  part  of  the  skull-cavity ;  it  is  roughly  distia 
guishahle  into  two  main  parts — the  large  and  email  bn 
(cerebrum  and  cerebellum).  Tho  former  is  situated  ] 
front  and  over  the  latter,  and  its  surfiice  exhibits  the  ■? 
known  characteristic  convolutions  and  furrows  (Figi  21 
220),  On  its  upper  surface  it  is  divided  by  a  deep  loii| 
tudinal  slit  into  two  lateral  halves,  the  so-called  "  g 
hemispheres,"  which  are  connected  by  means  of  a  bridge,  i 
"  crosa-piece  "  {cwpua  callosum).  A  deep  transverse  £ 
separates  the  lai;ge  brain  (cerebrum)  from  the  scoall  1 
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{cerebdtum).  The  latter  is  situated  more  postorioily  and 
inferiorly,  and  shows  on  its  outer  surface  ecjuaUy  numerous 
furrovrs,  which  are,  however,  much  finer  and  more  regular, 


TiO,  230.— naaiiui  brain,  seen  from  the  loft  side.  {After  H,  Meyer.)  Ths 
I  toiTuw*  of  the  l»rge  lirain  w*  injicotod  by  large,  thick  lineB,  tboae  of  the 
I  mallbralnb;  flnerliaol.  Bolow  the  latter  the  neolcmarrow  iaviaibla.  /'-.;', 
bnntkl  caaiToltilioiM  i  C'.  a  C».  p,  Central  oonrnlntionB  i  B,  BsBurB  of  Hohui- 
1b«i  S,8f  lTUUifiaiar«i  r,tcin|H)ral  or  parallel  Bssurei  Pa,  parietal  lobe;  An, 
UuiHiDrotaiit  ooTirolationi;  PO,  pHrietu.occipilal  fissnrej  8w,  Bopra-marginal 
WMKolatiuD  ;  IP,  iutrs-pariutaJ  llsaure  t  I,  teraparo-sphonoidal  DonTotntion. 

I  tad  between  them  are  curved  ridges  [Fig,  219,  lower  part). 

'  The  amall  brain  b  also  divided  into  two  lateral  halves  by  a 
lungitudinal  fiirrow;  these  are  the  "small  hendspherea," 
which  are  connected  at  the  top  by  a  worm-like  cross-piece, 
thfl  "  brain-worm  "  (vermis),  and  at  the  bottom  by  a  bridge 
{pOMvaroiii:  Fig.  219,  V I.). 

Comparative  Anatomy  an<l  Ontogeny  show,  however,  that 
in  Man,  as  in  all  other  Skulled  Animals,  the  brain  originally 
sonxiata  nut  of  two  but  of  five  distinct  parts  lying  one 
behind  another.   These  originally  appear  in  the  embryo  of  all 
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Skulled  Animals  (CVaniofu),  from  tlie  Cyclostoniiand  IHalui 
up  to_  Man,  in  exactly  the  same  fonn,  as  five  bladden 
placed  one  beliind  the  other.  Alike  in  their  first  rudim^iitiv 
they,  however,  differ  in  their  further  development.  In  Mai| 
and  all  higher  Mammals  the  firet  of  these  five  bladders,  tint 
fore-brain,  develops  bo  excessively  that,  when  mature,  : 
forms,  both  in  size  and  weight,  by  far  the  greater  part  of  tl 
whole  brain.  To  it  belong,  not  only  the  great  hemisphere^ 
but  also  the  bridge  (^corpus  callosum),  which  connects  thea 
two,  the  olfactory  lobes,  from  which  proceed  the  nerves  c 
smell,  and  most  of  the  processes  lying  on  the  roof  and  &oa 
of  the  great  lateral  cavities  of  the  two  hemispheres ;  bucI 
for  instance,  as  the  large  streaked  bodies  (corpora  atriata) 
On  the  other  hand,  the  "centres  of  sight,"  which  lie  1 
tween  the  streaked  bodies,  belong  to  the  second  main  j: 
which  develops  from  the  twist-brain ;  and  to  the  same  p 
belong  the  third  brain  ventricle  (which  is  single)  and  ti 
processes  known  as  the  "funnel"  {in/uTtdiiiuliim'),  tJ 
gray  mass,  and  the  "  cone  "  (conarium).  Behind  these,  ai 
between  the  large  brain  and  the  small  brain,  we  find  a  Iittli 
mass,  composed  of  two  pairs  of  bosses,  and  called  the  "fom 
bulbs,"  on  account  of  two  superficial  furrows  wbicb  < 
each  other  at  right  angles,  thus  quartering  the  whole  i 
(Figs.  217,  m,  218,  v).  Though  these  "  four  bulbs*"  are  vetj 
insignificant  in  Man  and  the  higher  Mammalia,  thef 
constitute  a  distinct  part  of  the  brain,  the  third,  or  mid- 
brain, which  is,  on  the  contrary,  especially  well  develo[«<| 
in  the  lower  Vertebrates.  The  next  or  fourth  part  of  t 
brain  b  the  hind-brain,  or  small  brain  (cerebellum),  in  t 
strict  sense  of  the  term,  with  its  single  middle  procea^ 
the  "  worm  "  (vermis),  and  its  t\vo  lateral  porta,  the  "smat 


hemispheres"  (Figs.  217.  c,  218,  c).  Behind  this  comes,  finally, 
the  fiilh  and  last  part,  the  "  neck-marrow  "  {^medulla  ohlfyii- 
$aia.  Fig.  218,  mo),  which  includes  the  single  fourth  brain 
Teotricle  and  the  adjoining  processes  (pyramids,  olives,  and 
restiform  hodies).  The  neck  medulla  passes  directly  down 
into  the  spinal  marrow.  The  narrow  central  canal  of  tlie 
Bpin&I  marrow  extends  into  the  wider  "  fourth  ventricle  "  of 
tlie  neck  medulla,  which  is  rhomboidal  in  shape,  and  the 
floor  of  which  forms  the  "rhomboid  groove."  From  this 
proceeds  a  narrow  duct,  called  the  "  aqueduct  of  Sylvius," 
vhicb  leads  through  the  "  four-bulbs  "  into  the  third  ven- 
tricle, Mtuated  between  the  two  "centres  of  sight;"  and 
this  cavity  in  turn  is  connected  with  the  pair  of  lateral 
cavities  which  lie  right  and  left  in  the  large  hemispheres. 
All  the  cavities  of  the  central  marrow  aie,  therefore,  directly 
connected  together.  Individually  all  these  parts  of  the  brain 
which  we  have  enumerated  have  an  infinitely  complex, 
minute  structure,  which  we  cannot  now  study,  and  which 
b&rdly  bears  on  our  subject.  This  wonderful  brain-struc- 
ture, as  it  occurs  only  in  Man  and  the  higher  Vertebrates,  is 
of  the  highest  importance,  simply  because,  in  all  Skulled 
Animals  (firaniota),  it  develops  from  the  same  simple  rudi- 
Bients,  {rom  the  five  brain-bladders  ah-eady  enumei%ted. 
(C£  Plates  VL  and  VII.) 

Before  we  direct  our  atteution  to  the  individual  develop- 
ment of  the  complex  brain  from  this  series  of  simple 
bladdvre,  we  will,  in  order  to  understand  the  matter  mow 
elvariy,  glance  for  a  moment  at  those  lower  animals  which 
liAve no  such  brain.  Even  in  the  skull-less  VeiUsbratcs,  in 
the  AmphioKUB,  there  is  no  real  brain.  In  this  case  the 
whole  central  marrow  ia  merely  a  simple  cylindrical  curd 
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traversing  the  body  longitudinally,  and  terminating  in  fmni 
almost  as  simply  as  at  tbo  other  and :  it  is  a  simple  mediil' 
lary  tube  (Plate  XI,  Fig.  15,  m).  We  found,  however,  that 
tlie  rudiment  of  the  same  simple  medullary  tube  occurs  i 
the  ascidian  larva  (Plate  X.  Fig.  5,  m)  and  in  the  same  ch*^ 
roctetistic  position,  above  the  notochord.  Moreover,  i 
closely  examined  a  small  bladder-like  swelling  may  be  seen 
at  the  fore  end  of  the  medullary  tilbe  in  these  two  closely 
allied  animals ;  this  is  the  first  indication  of  a  separatioa  o 
the  medullary  tube  into  brain  (m,)  and  spinal  marrow  (mji 
lATien,  however,  we  consider  the  undeniable  relatJonsliip  ol 
the  Ascidia  to  the  rest  of  the  Worms,  it  is  evident  that  thi 
simple  central  marrow  of  the  former  exactly  answers  to  tbc 
simple  nerve-ganglion  which,  in  the  lower  Worms  lies  abovi 
the  throat  (pharynx),  and  which  has,  therefore,  long  \ 
called  the  "  upper  throat  ganglion  "  {ganglion  jtlinryvgeuVi 
miperivs).  In  the  Gliding  Worms  {TurhdUiria)  the  whotl 
nei-ve  syntem  consists  merely  of  this  simple  ganglion,  which  ■ 
situated  on  the  dorsal  side  of  the  body,  and  from  which  n 
threads  radiate  to  the  different  parts  of  the  body  (Fig.  ^\\,g%y 
This  upper  throat  ganglion  of  the  lower  Worms  is  evidently 
the  rudiment  from  which  the  more  complex  central  marrow 
of  the  higher  animals  has  developed.  An  elongation  of  t 
upper  throat  ganglion  along  the  dorsal  side  gave  rise  ta 
the  medullary  tube,  which  is  characteiistic  of  Vertebrate* 
and  tlie  young  forms  of  Ascidia  alone.  On  the  other  han^ 
in  all  other  animals,  the  central  nerve  system  has  doi 
velopcd  in  a  very  differeut  manner  from  the  upper  tbroal 
ganglion;  in  Articulated  Animals  (J rfAro^Wa)  especially, 
the  lattor  has  developed  into  a  throat  (phar^-ngeal)  ring), 
with  a  ventral  maiTow  \  this  is  the  case,  also,  iu  tlie  aiti 
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id  Worras  (Annelida)  and  the  Star-animals  {Echi- 
l),  which  originated  from  Ai^thropods.  The  Soft- 
fdied  Animals  i^Mollusca)  also  have  a  throat  ring,  which  is 
lite  unrepresented  in  Vertebratoa  Only  in  Veitebrates 
e  centi-al  marrow  developod  along  the  dorsaJ  side,  while 
all  other  animals  which  have  been  named  it  developed 
sng  the  ventral  side  of  the  bofly.'* 

Descending  below  the  Worms  we  find  very  many 
iimals  which  are  entirely  without  a  nerve-system,  and  in 
bich  the  functions  of  that  system  are  performed  simply  by 
out«r  skin-covering — by  the  cells  of  the  skin-layer,  or 
[oderm.  This  is  the  case  in  many  low  Plant  Animals 
ophyta.),  for  instance,  in  all  Sponges,  and  in  the  common 
ill-water  Polyp,  the  Hydra.  It  was  also  undoubtedly  tlie 
}  [□  all  extinct  Gastneads.  In  all  Primitive  Animals 
*roto:oa)  the  nerve-system  is,  of  course,  unrepresented,  for 
ac  liavo  not  as  yet  attained  to  the  development  of  gemi- 
ers. 

In  considering  the  individual  development  of  the  nerve- 
itcm  in  the  human  embryo,  we  must  first  of  all  start  from 
I  important  fact  already  mentioned,  that  the  first  nidi- 
nt  of  the  system  is  the  simple  medullary  tube,  which 
Aachcs  itself  from  the  outer  gerra-laycr  along  the  middle 
of  tho  lyre-shaped  primitive  germ,  We  found  (Figs. 
t7,voL  L  p.  298)  that  the  rectilineal  primitive  groove,  or 
rsal  furi-ow,  first  arises  in  the  centre  of  the  lyre-shaped 
rtn  diitc  On  ea^^h  side  of  this  rise  the  two  parallel  dorsal 
medullary  swellingB,  The  free  margins  of  tliese  bend  to- 
ardseach  other,  coalesce,  and  form  the  closed  medullary  tuba 
fSga.  88-93, vol  i.  pp.  3(K>-30i>).  At  fii-st  this  tube  Hos  directly 
iler  the  hom-plato ;    it  is,  however,  afterwards  situate 


Fioa.  221-223.— LTrv'-'t^ni-'^  ['■!■  e<>\i:fh»ptil)  fKTm-»hi»\d  cS  %  C 
throe  consecutive  ataffci  i>I  eviilnlion,  feeii  Emtii  tbe  i)<mDl  snrbcc;  . 
twffntj   times  onlarginl.      Fia.  iil,  with   sii    pnira  of  prloiitico    1 
The  bnun  »  aimple  blmlder  (lid).      The  nir<1ultBr;  fiimiw  ii  wiHc  open  ft 
tbo  point  r,  jery  wi<1u  at  >.   «>]>,  UnraDw  (or  mediilliry)  plalca  i 
platen  i  V,  bonnilary  betwucn  ilm  thrmt  oBvit;^  {>A)  and  the  fa«wl.in 
(I'd).     Fi(t.  222,  with  ten  paira  o(  primitJire  vrrlobm.    Tlie  br»in 
three  bikdden :   r,  fure-bmini  m,  niii]<)imin  i   A.  hiod-tiivin-    c, 
jelk-reina,    Tbe  tiuedullarj'  farrow  ia  wide  open  bshi'm]  (i).    n 
pliil«R.     Fin.  223,  Willi   RiKtetm   p«Im  "f   ("TlinitiTo   rerielinr.    Thi 
o<muHt<  of  five  lilAddnra:   >',  fnra-bniin  j   t,  twiit-lRmiD;  m.  ni<d-ht 
hiiiO-hmiui  n,  »fttir-br*io.    o.  Bye.Tisiolm  i   i»,  e»r.*wiolrn  i   r,ht«rt| 
yt-lk.vcius ;  iii/i,  niorrriw-plati'.   uir,  primillvs  TorlvUm. 
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[&ite  internally,  the  upjier  edges  of  the  piirnitive  vertebral 
tes,  which  penetrate,  from  right  and  left,  in  between  the 
Itom-platc  and  the  medullary  tube,  uniting  above  the  lattor, 
SDtl  thua  completely  embedding  it  in  a  dosed  canal.  As 
Oegenbaur  most  aptly  remarka,  "  This  gradual  embedding 
ia  the  interior  of  the  body  must  bo  regarded  as  an  incident 
aoquired  in  connection  with  progressive  diH'erentiation,  and 
irith  the  conse<iuent  higher  capacity,  by  which  the  most 
bnportaiit  organ  of  the  sj-stem  is  secured  in  its  intorior." 

To  every  thoughtfid  and  unprejudiced  man  it  must 
(>peBr  an  extremely  imjjoitant  and  pregnant  fact,  that  our 
■ntal  organ,  like  that  of  all  other  Skulled  Animals  (Cm- 
kiof a),  commences  in  the  same  way  and  in  exactly  the  same 
niple  form  la  which  this  organ  remains  for  life  in  the 
iwest  Vertebrate,  the  Amphioxus  (vol.  i  p.  420,  Fig.  151; 
|lat«  XL  Fig.  15,  m).  In  theCyclostomi.  that  ia,  in  the  stage 
bove  the  Acrania,  the  anterior  extremity  of  the  cylindrical 
ledollary  tube  begins  to  extend,  at  an  early  period,  in  the 
nn  of  a  pear-shaped  bladiler,  which  is  the  first  distinct 
idimtint  of  a  brain  (Plate  XI.  Fig.  16.  m,).  For  the  central 
icduUn  of  Vertebrates  thus  lli-st  distinctly  diQerentiates 
ito  its  two  main  aectioua,  the  brain  (mj  and  the  spinal 
(ift,).  The  fii-st  faint  indication  of  this  important 
tffurentiation  ia  discoverable  in  the  Amphioxua,  perhaps 
"©n  in  Uie  Aacidian  larva  (Plate  X.  Fig.  5). 

The  ttimple  bladder-like  form  of  the  brain,  which  is 
taincd  for  &  considerable  time  in  the  Cyclo.tkjmi,  also 
)p^■.a^9  at  first  in  all  higher  Vertebrates  (Fig,  221,  kb).  In 
IS  latter,  however,  it  soon  disappears,  in  consequence  of 
«  Boparation  of  the  sirajile  brain-bladder,  by  transverse 
mtractions  of  its  circumference,  into  several   consecutive 
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parts.     Two  of  these   contractions   first   appear,   and  <: 
sequently  the  brain  forms  three  consecutive  bladders  (Fig 

i  «■  *  Fro*.  £!4-2Z6.— Contnl 

row  of  bumnu   ^nitirjo  in 

(After  Kc*ll.ker>  Fig.  £16| 
vipw  of  the  whole  ombryo  & 
tho  dordul  lidei  ths  bmin  i 
doisal  maimtt  Injd  baro.  I 
I'ib,  Use  brain  sod  upper  p 
of  tfas  dorsml  marroir  from 

Inft  eide.    Fig.  224,  the  bmin  frtim  nbove :  u,  fure^brain  i  i,  twi«t-bi  ■ill 

M  imd-brain ;  h,  hiud-braiu ;  n,  BTCer-bnuo. 

I  222,  V,  m.  A).     The  first  and  third  of  these  three  primiti* 
blnddets  then  again  separate  by  transverse   contiuctJoi 
each  into  two  parts,  and  thus  five  consecutive  bladder-lik 
di\-isiona   ai-e   formed    (Fig.  223:   c£  also   Plate   V.  ] 
13-16 ;  Plates  VI.  and  VII.,  second  cross-line).     These  fi» 
fundamental  brain-bladders,  which  re-occur  in  the  s&mefon 
in  the  embryos  of  all  the  Skulled  Animals  (Crantota),  wof 
first  clearly  recognized  by  Eaer,  who  understood  their  tni 
importance  and  distinguished  them,  according  to  their  n?la 
tive  positions,  by  very  appropriate  names,  which  are  sUll  a 
general  use :  I„  fore-brain  (u) ;  II.,  twixl-brain  («);  IIL,  a 
brain  (m) ;  IV.,  hind-brain  (A) ;  and  V.,  after-brain  (n). 
In  all  Skulled  Animals,   from  tlie  Cyclostomi  to  Mai 

•  the  same  parts,  although  in  very  various  forms,  devcl<q 
from  these  five  original  brain-bladders.  The  first  bladda 
the  fore-brain  {protopfyche,  v).  forms  hy  far  the  lai^cst  pax 
of  the  so-called  "  great  brain  "  (cf  re^i'um) ;  it  forms  the  tw 
great  hemispheres,  the  olfactory  lobes,  the  streaked  bodja 
{corpora  utriata),  and  the  cross-piece  {corpua  tioZ/osum] 
together   with    the   "  arch "   (Jornix).      From   the  i 
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bladder,  tiie  twixt-brain  {deutopsyche,  «,)  proceed  primarily 
the  "centres  of  sight"  and  the  other  parte  which  surround 
the  ao-called  "  ttiird  brtiin-veutricle,"  also  the  "funnel" 
[infiindihrdum),  the  "  cone "  (conoWum),  etc  The  third 
bladder,  the  mid-brain  {meeo'pe'jche,  m),  fumishea  the  small 
group  of  the  "  four  bulbs,"  together  with  the  "  aqueduct  of 
Sylvius."  From  the  fourth  bladder,  the  hind-brain  (meta- 
feycke,  h),  the  greater  part  of  the  so-called  "  little  brain  " 
(oerebeUiim)  develops ;  the  central  "  worm "  (vermis),  and 
the  two  lateral  "small  hemispheres,"  The  fifth  bladder, 
finally,  the  after-brain  (epipsycke,  n),  forms  the  neck- 
marrow,  or  the  "elongated  marrow"  (medulla  oblongata), 
together  with  the  rhomboid  gioove,  the  pyramids,  olives,  etc 
The  very  highest  importance  must  certainly  be  ascribed 
lo  the  fact,  seen  in  Comparative  Anatomy  and  Ontogeny, 
Uiat  the  brain  is  originally  formed  in  exactly  the  same  way 
in  the  embryos  of  all  Skulled  Animals  (Craniotd),  from  the 
lowest  Cyclostomi  and  Fishes,  to  Apes  and  Man.  In  all, 
tlie  first  nidiment  of  the  brain  is  a  simple  bladder-liko 
Bxpansion  at  the  anterior  extremity  of  the  medullary  tube. 
In  »U,  the  five  bladders  are  formed  from  this  simple  bladder- 
like expansion,  and  in  all,  these  five  primitive  brain- 
|>ladder8  develop  into  the  permanent  bi-ain,  with  its  many 
anatomical  arrangements,  which  afterwards  appear 
extremely  diverse  forms  in  the  various  vcrteVirato 
On  comparing  the  mature  brain  of  a  Fiah,  an 
.mphibian,  a  Reptile,  a  Bin!,  and  a  Mammal,  it  is  hardly 
CDRoeivablc  that  the  several  parts  of  these  forms,  so  ex- 
itremcly  diflerent,  both  internally  and  externally,  may  be 
Ineed  back  to  one  common  condition.  And  yet,  all  these 
varioua  brains  of  Craniota  have  originated  from  exactly  the 
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same  rudimentary  form.  We  need  only  compare  tlie  t 
bryoa  of  tlieae  various  classes  of  aniuiaLi  at  correspondini 
stf^es  of  development,  in  order  to  assure  ourselves  of  thi« 
fundamental  fact.  (Cf.  Plates  VI.  and  VII.,  second  cro8»- 
line.) 


Fid,  £27. — Braiiu  ol  three  embrjoDic  Skulled  Animols  in  vertical 
tDdiiul  aectiona :  J,  o(  n  Shiuk  (I/rptaneAui),-  B,  of  a  Smilii!  (Co[»b<T)i  C, 
a  Goat  iL'apra)i  a,  tvre-bnia;  b,  twiit-tirain  j  r,  mid-braioi  rf,  hind-bni 
c,  nttcr-bniiui  i,  primitive  Hasare  of  tlie  brain.     (After  Ge^nbaar.t 

Fill.  S2fl.— Bmin  of  a  Shark  (Scytlium)  from  tlie  doreni  aide:  3,  fa 
hnia  1  h,  oltnctuT]'  trnlbs  of  tlie  fore-brain,  whicli  send  tlio  large 
n^rvcB  to  Ihu  large  no«e  capsnles  <o) ;  d,  twixt-brain ;  b.  mid-brain  iboliL 
it,  thn  inHignificBiit  mdiineDt  of  the  bind-bntiii)  i  c,  afltT.brsia.  (Afl 
Qmch.) 

Flo.  229.— Brain  and  dorsal  muTow  of  a  Froft  1  A,  train  tlin  donal  aid 
B,  froDi  the  retitral  side :  a,  olfactorj  bnlbi,  in  (root  of  the  furp-brain  {i 
t,  (iiaoel  at  the  base  of  the  twiit-bnLie :  f,  mid-bmin;  d,  bind-bnin; 
rhomboid  groove  in  the  afler-brain ;  m.  donal  mamnv  (vcrj  abort  in  I 
frog)  I  td',  ruat.prutvaaes  ut  the  spinal  uorrea;  t,  fibre  at  thu  end  of  I 
duraal  marrovr.     (Alter  Gegenbanr.) 
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A  thorough  comparison  of  tlie  cori'eaponding  stages  of 
development  in  tlie  brain  in  tLe  various  Skulled  Animals 
(Craniotd)  is  very  instructive.  If  it  is  applied  to  the  whole 
series  of  skulled  classes,  the  following  extremely  interest- 
ing facts  soon  become  evident :  in  the  Cyclostomi  {Myxi  - 
noides  and  Petromyzontes),  which,  a^  we  have  seen,  are 
tJie  lowest  and  earliest  Skulled  Animals,  the  whole  brain 
Temotna  for  life  at  a  very  low  and  primitive  stage  of 
development,  through  which  the  embryos  of  the  other 
Skulled  Animals  pass  very  rapidly;  the  five  original 
secttona  of  the  brain  are  visible  throughout  life  m  an  almost 
unmodified  foi-m.  But  even  in  Fishes,  an  essential  and 
important  transformation  of  tlie  five  bladders  takes  place ; 
it  ia  evidently  from  the  brain  of  the  Primitive  Fishes 
(SeUchii ;  Fig.  228),  tliat,  on  the  one  side,  the  brain  of  the 
other  Fishes,  and  on  the  other,  the  brain  of  the  Amphibians 
and  also  of  the  higher  Vertebrates,  must  bo  traced.  In 
Fishee  and  Amphibians  (Fig,  229),  the  central  part,  the 
tnid-brain,  and  also  the  fiflli  section,  the  after-brain,  are 
especially  developed,  while  the  first,  secoad,  and  fourth 
sections  remain  far  behind.  In  the  higher  Vertebrates,  the 
exact  reverse  is  the  case,  for  in  these  the  first  and  fourth 
sections,  the  fore  and  hind  brains,  develop  pre-eminently ;  on 
the  other  hand,  the  mid-brain  remains  very  small,  and  the 
ftfter-brain  is  also  much  smaller.  The  greater  part  of  the 
"four-bulbs"  is  covered  by  the  large  brain  [cerrbrwm)  and 
the  &fter-brain  by  the  small  brain  (cerebellum).  Even 
among  the  higher  Vertebrates  themselves,  numerous  grada- 
iions  occur  in  the  structure  of  the  brain.  From  the  Am- 
|thibians  upward,  the  brain,  and  with  it  the  mental  life, 
develops  in  two  different  directions,  of  which  the  one  is 
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carried  out  in  Reptiles  and   Birds,  the  other  in 
The  latter  are  especially  distinguished  by  the  very 
teriBtic  development  of  the  first  section,  tlie  fbce-hmin. 


Fis.  iSO.^Brain  of  Rabbit.'  J,  fram  tliB  dona]  liile;  B,  trmn  Ik* 
tuntrKi  aidvi  lo,  nlf.ictory  lobule*;  I.,  for^-bmin  ;  h,  fajpcpli^sis  si  tbe  buM 
ot  tbe  tniit-braioi  III.,  mid-braiD;  IV.,  hind-biaJDj  T.,  ftfCer-bmiD;  2,oi>lia 
nerve ;  3,  motor  nerre  of  the  eye ;  G-B,  fifth  to  eigbtb  nerrsa  of  Iha  Imioi 
Id  a,  the  upper  nirface  of  the  right  large  beDispber*  (I.)  Ja  taaored, 
thtt  ths  itreaked  bodiea  (corpora  striala)  OMl  b«  wea  in  its  nda  vhkm 
■'(•nUricuIui  laleraliiy    (After  Gegenbftnr.) 

^ICammals  alone  (Fig.  330)  does  this  'great  brain"  develi^ 
to  KUch  an  extent,  that  it  eventually  covers  all  the  c 
parts  of  the  brain  from  above. 

Tliere  are  also  remarkable  differences  in  the  relative 
positions  of  the  brain-bladdera  In  the  lower  Skulled 
Animals  the  five  brain-bladders  are  at  first  situated  o 
behind  the  other  in  the  same  plana  If  the  brain  is  i 
garded  from  the  side,  a  straight  line  may  be  drawn  tbrou^ 
all  the  five  bladders.  But  in  the  three  higher  vettebtals 
classes,  in  the  Amnion  Animals  (Avmiota),  a  noticeahU 
curving  of  the  rudimentary  brain  takes  place,  simultaoeoodjp 
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with  the  head  and  neck  curving  of  the  whole  body,  owing 
to  the  fact  that  the  whole  upper  dorsal  surface  of  the  brain 
grows  much  faster  than  the  lower  ventral  surface.  The 
result  is  that  the  brain  is  so  curved  that  its  parts  are  after- 
wards situated  thus ;  the  fore-brain  lies  quite  in  front  and 
below,  the  twixt-brain  somewhat  higher  and  over  it,  while 
the  mid-brain  lies  highest  of  all  and  projects  furthest  for- 
ward; the  hind-brain  is  situated  lower,  the  after-brain  yet 
further  back  and  below  This  disposition  occurs  only  in 
the  three  classes  of  the  Amniota,  in  Reptiles,  Birds,  and 
Mamraala.     (Cf  Plates  I.,  VI..  and  VII.) 

Though,  in  general  features  of  growth,  the  brains  of 
Mammals  correspond  with  those  of  Birds  and  Reptiles,  yet 
striking  differences  veiy  soon  appear  between  the  two. 
In  Birds  and  Reptiles  (Plate  VI.  Figs,  if  and  C).  the  mid- 
brain (m)  and  the  central  part  of  the  hind-brain  develop 
considerably.  In  Mammals,  on  the  other  hand,  these  parts 
remain  email,  and  instead,  the  fore-brain  begins  to  grow 
■o  rapidly  that  it  covers  the  other  bladders  from  in  front 
and  above.  Aa  it  constantly  grows  further  back,  it  even- 
tually covers  the  whole  of  the  rest  of  the  brain  above, 
&nd  also  encloses  the  central  part  from  the  sides.  This 
process  is  of  the  greatest  importance,  because  this  fore-brain 
is  the  organ  of  the  higher  mental  activities, — because  In  it 
are  aocompUshcd  those  functions  of  the  nerve-cells,  the  sum 
of  which  is  generally  designated  as  tlie  mind,  or  the  "spirit" 
ID  the  narrower  sensa  The  highest  activities  of  the  anima) 
body,  the  wonderful  manifestations  of  consciousness,  tliu 
complex  phenomena  of  the  activities  of  thought,  have  their 
■eat  in  the  fore-brain.  It  b  possible  to  remove  the  great 
bcnii^l'herea  of  a  Mammal,  piece  by  piece,  without  killing 


226  THE  EVOLUTION   OF  MAN. 

the  animal,  thua  proving  that  the  higher  mental  activities^ 
cousciouanesa  and  thought,  conscious  volition  and  sensation, 
may  be  destroyed  one  by  one,  and  finally  entirely  anni- 
hilated. If  the  animal  thus  treated  is  artificially  fed,  it 
may  be  kept  alive  for  a  long  time ;  for  the  nourishment  of 
the  entire  body,  digestion,  respiration,  the  ciixiulation  of  tba 
blood,  secretion,  in  short,  the  vegetative  functions,  are  in 
no  way  destroyed  by  this  destruction  of  the  moat  important 
mental  organs.  Conscious  sensation  and  voluntary  motion, 
the  capacity  for  thought  and  the  combination  of  tlie  varioni 
higher  mental  activities,  have  alone  been  lost 

This  fore-brain,  the  source  of  all  theae  most  wonicift^ 
nervous  activities,  reaches  that  high  degree  of  perfection  onljt 
in  the  higher  Placental  Animals  {Ptacentalia) ;  a  fact  whidi 
explains  very  clearly  why  the  higher  Mammals  so  far  exod 
the  lower  in  intellectual  capacity.  While  the  "  mind"  of  tb< 
lower  Placental  Animals  does  not  exceed  that  of  Birds  and 
Reptiles,  we  find  among  the  higher  Flacentalia  an  unint«^ 
rupted  gradation  up  to  Apea  and  Man.  Accordingly,  t 
anterior  brains  show  surprising  differences  in  the  degree  c 
perfection.  In  the  lower  Mammals,  the  surface  of  the  g 
hemispheres  (the  most  important  part)  is  entirely  smooth 
and  even.  The  fore-brain,  too,  remains  so  small  tlial  ]( 
does  not  even  cover  the  mid-brain  above  (Fig.  230).  Om 
stage  higher,  and  this  latter  is  indeed  entirely  covered  hy 
the  excessive  growth  of  the  fore-brain ;  but  the  hind-braiif 
remains  free  and  uncovered.  At  last,  in  Apes  and  in  Man^ 
the  fore-brain  covers  the  hind-brain  also.  A  similar  gradual 
advance  may  also  be  traced  in  the  development  of  th« 
peculiar  furrows  and  protuberances  which  are  bo  charac- 
teristically prominent  on   the  surface   of  the   large  braia 
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(cerebrum.)  of  higher  Mammala  (Figs.  219,  220).  If  the 
brains  of  the  various  m&oinialia,ii  groups  are  compared  with 
referenco  to  these  convolutiona  and  furrows,  it  appears  that 
theii  gradual  development  is  entirely  proportionate  with 
the  development  of  the  higher  intellectual  activities.  Much 
attention  has  recently  been  devoted  to  this  particular 
branch  of  the  Anatomy  of  the  brain,  and  very  striking 
individual  differences  have  been  found  even  within  the 
hiun&n  race.  In  all  human  individuals  distbguished  by 
peculiar  ability  and  great  intellect,  these  swellings  and 
farrows  on  the  surface  of  the  great  hemispheres  exhibit  a 
much  greater  development  than  in  common  average  men ; 
while  in  the  latter,  again,  they  are  more  developed  than  in 
Cretins  and  others  of  unusually  feeble  intellect.  Tliere  are 
also  similar  gradations  in  the  internal  structure  of  the  fore- 
brain  in  Mammals.  The  great  cross-piece  (corpus  ca^^osum), 
especially,  the  bridge  between  the  two  great  hemispheres, 
is  develojied  only  in  Placental  Animals.  Other  arrange- 
ments, for  example,  in  the  structure  of  the  lateral  cavities, 
which  seem  primarily  to  be  peculiar  to  Men  an  such,  re- 
appear only  in  the  higher  species  of  Apes.  It  was  long 
iM-lieved  that  Man  had  some  entirely  peculiar  organs  in  the 
grent  hmin  (cerebrum),  which  are  wanting  in  all  other  animals. 
But  close  comparison  has  shown  that  this  is  not  the  case, 
but  that  rather  the  characteriatic  qualities  of  the  human 
brain  exist  in  a  rudimentary  state  even  in  the  lower  Apes, 
and  are  developed  to  a  greater  or  less  degree  in  the  higher 
Ape&  Huxley,  in  his  important  and  much-quoted  book, 
"  Evidence  as  to  Man's  Place  in  Nature  "  (ISC3),  has  shown, 
most  convincingly,  tliat  within  the  Ape-series  the  difierencca 
in   tlie   formation   of  the   brain   are   greater  between  tlie 
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higher  and  lower  Apes  than  between  the  higher  Apes  mai 
Man.  This  statement  is,  indeed,  equally  tnie  of  all  the 
other  parts  of  the  body.  But  the  fact  that  it  is  true  of  the 
central  marrow  is  especially  important.  This  does  not 
become  fully  evident  unless  these  morphological  facta  are 
considered  in  connection  with  the  corresponding  physio- 
logical phenomena;  until  we  consider  that  every  mental 
activity  requires  for  ita  complete  and  normal  exercise  the 
complete  and  normal  condition  of  the  corresponding  brain- 
structure.  The  extremely  complex  and  perfect  active 
phenomena  within  the  nerve-cells,  summed  up  in  the  word 
"mental  life,"  can  no  more  exist  Tiithout  their  organs  ia 
the  vertebrates,  including  man,  than  can  the  circulation  of 
the  blood  without  a  heart  or  blood.  As.  however,  the 
central  marrow  of  Man  has  developed  from  the  same 
medullary  tube  as  in  all  other  Vertebrates,  so  also  must  the 
mental  life  of  Man  have  had  the  same  origin. 

All  this  is  of  course  true  of  the  conductive  marrow,  or 
the  so-called  "peripheric  nervous  system."-  This  consiate 
of  the  aeneilive  nervous  fibres  which  convey  the  impressiuna 
of  sensation  from  the  skin  and  the  organs  of  the  seiisee 
a  centripetal  direction  to  the  central  marrow;  as  well 
of  the  motor  nervous  fibres,  which,  reversely,  convey 
movements  of  volition  from  the  central  marrow,  in  a  cen- 
trifugal direction  to  the  musclea.  By  far  the  greater  part 
of  these  peripheric  conductive  nerves  originates  from  the 
sktn-fibroua  layer,  by  peculiar  local  diScrentiatioa  of  the. 
rows  of  cells  into  the  respective  organs. 

The  membranous  coverings  and  blood-vessels  of  th% 
central  marrow  arc  identical  in  origin  with  the  greater  j»art 
of  the  conductive   marrow;    these  membranous  ooveringe 
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are  the  inner  membrane  (pia  mater),  the  central  membrane 
(meninx  arachnoidea),  and  the  outer  membrane  {dura 
mater).  All  these  parts  are  developed  from  the  skin-fibrous 
layer. 


TABLE  XXVII. 

STlTBlfATIC  SumyiT  OY  THK  MOST  IMPORTANT  PbBIODS  IV  THK  PhTLOOENT 

or  TBS  HuMAK  Skin-coteeimgb. 

I.  First  Period :  Skin  of  Qastraiads, 

The  entire  skin-oovering  (inclading  the  nervous  system,  not  jet  differ- 
entiated  from  it)  consists  of  one  simple  layer  of  ciliated  cells  (exoderm,  or 
primary  skin-layer);  as  it  is  at  the  present  day  in  the  gastrula  of  the 
▲mphioxQS. 

n.  Second  Period :  Skin  of  Primitive  Worme, 

The  simple  exoderm  of  the  Gasti'saad  has  thickened  and  split  into  two 
distinct  layers,  or  secondary  germ-layers :  the  skin-sensory  layer  (radiment 
ai  the  bom-plate  and  nerve-system)  and  the  skin-fibrons  layer  (rudiment  of 
the  leather  skin  (corivm),  the  muscle-plate  and  the  skcleton-plate.  The 
•kin  is  potentially  both  covering  and  mind. 

m.  Third  Period :  Skin  of  Chordonia, 

The  skin  leosory  layer  has  differentiated  into  the  hom-plate  (epidermis), 
and  the  central  marrow  (upper  throat  ganglia)  separated  from  it ;  the  latter 
elongates  into  a  medullary  tube.  The  skin.fibrous  layer  has  differentiated 
into  the  leather  plate  (eorium)  and,  below  this,  the  skin-muscular  pouch  (as 
in  aU  Worms). 

lY.  Fowrih  Period :  Skin  of  Acranick, 

The  horn-plate  yet  forms  a  simple  epidermis.  The  leather-plate  is  fully 
difterantiaied  from  the  muscle  and  skeleton  plates. 
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y.  Fifth  Period :  Skin  qf  Cyelostoma, 

The  onter-sldn  remains  a  eimple,  soft  mnooiis  layer  of  oells,  but  fbmii 
one-celled  glands  (onp-cells).  The  leather-skin  {coriuim)  dUfferenfeiatea  into 
cutis  and  Bub-cuiis, 

YL  Sixth  Period :  Skin  of  PnmiHve  FUhm. 

The  outer  skin  is  still  simple.  The  leather  skin  forms  plaooid  loalee  or 
small  bony  tablets,  as  in  the  Selaohii. 

Vn.  Seventh  Period :  Skin  <^  Amphibian 

The  enter  skin  dififerentiatea  into  an  outer  hom-layer,  and  aa  inner 
mnoons  layer.  The  ends  of  the  toes  are  oov^ered  with  homy  iheatha  (first 
rudiments  of  claws  or  nails). 

YIIL  Eijhth  Period :  Skin  qfMammaU. 

The  enter  skin  forms  the  appenda^^s  characteristic  ol  if^ww^^if  only  i 
hair,  and  sebaceousi  sweat,  and  milk  glands. 


TABLE    XXVIII. 

8T8TBMATIC  SURTBY  OF  THE  MOST  IMPORTANT  PERIODS  IN  THE  PbTLOOBHT 

or  THE  Human  Nkryous  Ststem. 

L  First  Period :  Medulla  qf  Ocutraads, 

The  nenre  system  is  not  yet  distinct  from  the  skin,  and,  together  with 
the  latter,  is  represented  by  the  simple  oell-stratnm  of  the  ezodenr.,  or 
primary  skin.layer;  as  it  is  at  the  present  day  in  the  gastrola  of  the 
Amphioxns. 

n.  Second  Period :  MeduUa  qf  Primitive  Worms. 

The  central  nenre  system  is  yet,  at  first,  a  part  of  the  skin-sensory  layer, 
and  afterwards  consists  of  a  throat  mednlla,  a  simple  neire-ganglion  lying 
•above  the  thruat ;  as  it  is  now  in  the  lower  Worms :  the  upper  throat 
iganglion. 
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nL  Third  Period :  Medulla  of  Chordonia, 

The  central  oeire  Bystem  conaistB  of  a  siinple  medallary  tube,  an 
elongation  of  the  opper  throat  ganglion,  which  is  separated  from  the  intes- 
tine by  a  notoohord  {chorda  dorsalis). 

IV,  Fourth  Period :  Medulla  ofAcrania, 

The  lunple  meduUaiy  tnbe  differentiates  into  two  parts :  a  head,  and  a 
dorasl  part.  The  head  medulla  resembles  a  small,  pear-shaped,  simple 
swelling  (the  primitive  brain,  or  first  radiment  of  the  brain)  on  the  anterior 
extremity  of  the  long  cylindrical  spinal  marrow. 

Y.  Fifth  Period :  Medulla  of  Cyclostoma, 

The  simple,  bladder-like  rodiment  of  the  brain  divides  into  five  oon- 
■eontiTe  brain-bladders  of  simple  structnie. 

YI.  8imth  Period :  Medulla  of  Primitive  Fishes, 

The  fire  brain-bladders  differentiate  into  a  form  similar  to  that  now 
permanently  retained  by  the  Selachii. 

YII.  Seventh  Period :  Medulla  of  Amphibia, 

The  differentiation  of  the  five  brain-bladders  progresses  to  that  structure 
which  is  now  characteristic  of  the  brain  in  Amphibia. 

Yin.  Eighth  Period  :  Medulla  of  Mammals, 

The  brain  attains  the  characteristic  peculiarities  distinctive  of  MammolB. 
The  following  may  be  dijtingpished  as  subordinate  stages  of  development ; 
1,  the  brain  of  Monotremes ;  2,  the  brain  of  Marsupials ;  8,  the  brain  of 
8emi-apee }  4,  the  brain  of  Apes ;  6,  the  brain  of  Man-like  Apes ;  6,  the 
bimiD  of  Ape-men  1  and  7,  the  brain  of  Man. 


C   23::   ) 


TABLE    ZXrX. 


sun 

Onl-«Ho                     .kin 

Produolof  llie  Skin-    Mncniu    tayir   ot    Uw 
•owtj-lajer              ouMtililii 

(AmKiii  ■iwim) 

/ndniM    U^     Bf    lb* 
l«tlin-.k!n               |™.1,«  -Vln 

Triiduct  Dt  111'  Skin-    F>t<7liytnirtl>Dlc4tlKr 
Sbwia-Uya               ifctn 

ConnKtInlWM 

Bloixl-IWMll 

l.ufas  tkta 

XXIX.  B 

anrTOT  of  tbt  EvoItitk.D  of  tka  Cantnl  Kutov. 

OanCnl  Harrow, 
Ooatml  HoTTO 

(Fiykt.  ur  Mni^aa 


MTtiingl 


Oitin  of  <lrhl 


(Oitir*  of  (l^hl  ttoli 

Tl;ln)  clumMr  of  Ibt  fnli 

PInul  body  rwa' 

FubihI  A(/>i 


n(iioi><  iiftM 


rPrninUi 


I'    1.  Otnlnl  mnliitlaiT  •»< 

i'll-HtMm«lBll>rj1'in 

I  (Ptuducu  s(  tbe  ■ 


CHAPTER   XXI. 
DEVELOPMENT  OF  THE   SENSE  ORGANS. 

Oii^'n  of  the  moat  higlily  ParposiTa  Sense-organs  by  no  Preoonooiiod 
I'uri'OBe,  but  BJmply  by  NutoTBl  Selection. — The  8ii  ScuEe-organs  uud 
lbs  SoTBD  Sen  Be- to  notions. — All  the  SenBe-orgun*  oiigumlly  DsTelojied 
ftODi  the  Outer  Skin -catering  (From  tbe  Skin-aensory  Layer). — Oigans 
of  the  Freunrs  Some,  tlie  Heat  Sense,  the  Sexnal  Si'Tise,  and  the 
Tlule  Seusa. — Stracture  of  the  Organ  of  Scent,— Tbe  Blind  Noae-pita 
of  Fiebes. — The  Kasal  Forrowa  cbango  into  Nasal  Caaala. — Separation 
of  the  DKTities  of  the  Kose  and  Mouth  by  Ifas  ratate  Roof.— Structuro 
of  the  Eye.— The  Primary  Eye  Vesicles  (Slalked  Protabermnoes  from 
the  Tnist-brain).— Inverejon  of  this  Eye  Vesicle  by  the  Crystalline 
Lens,  separated  from  the  Horn-plate. — InverBion  of  Ibe  Titreoos  Body. 
— The  Vaaoalar  Capsule  and  the  Fibrotu  Capsule  of  the  Eyeball.— Eye- 
liila.- Structure  of  the  Ear-— The  Apparatus  for  Perception  of  Soond  : 

labyrinth  and  Auditory  Kerv? Origin  of  the  Labyrinth  from   the 

Priinitire  Ear  Veaicles  (by  Separation  from  the  Horn -plate),- Oondncl- 
■ng  Apparatus  of  Sound  :  Dram  Cavity,  Ear  Bonolets,  and  Drum  Mem- 
bnuie. — Origin  of  these  from  the  First  Gill-opening  and  the  Paris 
itonediately  round  it  (the  First  and  Second  Q  ill  .arch).— Bod  i  men  tnry 
Oat«r  Ew. — Bodimantiu?  Maicles  of  the  Ear-sbelL 

"  flystomatio  Physiology  is  based  especially  upon  the  history  of  deri'ltip- 
iml,  Mid  auleis  this  is  mors  oamplelo,  can  nerer  make  rapid  prtigrcaa  ;  fur 
Iha  hiatnrj  of  doTatopment  furnishes  Che  philcwiplier  with  the  mDtrriiLls 
J  fur  the  secure  const  ruction  of  a  system  of  organic  lifo.  Hence 
■■kUmical  and  physiological  retwvchec  should  be  prosecuted  aon  itoui  the 
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)Mrint  of  riew  of  deTelnpment  thaji  is  now  the  osn  i  tliBt  is,  ws  diooU  itolf 
rwh  oi^D,  each  tiflane,  and  eren  eat^b  tnnction  Bunplj  iritli  tlie  Traw  i^^ 
Jetcrmiuiiis  Khenca  the;/  havt  ariien." — Evil  Huacntk  (1832). 

Tqe  sense-organs  are  undeniably  among  the  most  important 
and  most  uitoreating  parts  of  the  human  body;  tbrou^ 
their  activity  alone  we  recognize  the  objects  in  the  world 
around  U9.  "  Nihil  est  in  intellectu,  quod  non  prius  fuertt  in 
sensu."  They  are  the  true  springs  of  our  mental  life.  Inn 
other  part  of  the  animal  body  can  we  point  to  such  extremely 
delicate  and  complex  anatomical  contrivances,  co-operating 
for  a  definite  physiological  aim ;  and  in  no  other  part  of  thl. 
body  do  these  wonderful  and  very  apt  contrivances  soem,  • 
first,  to  indicate  a  premeditated  creative  design  so  conclO' 
sively.  Hence  it  is  that,  in  accordance  with  the  received 
teleological  view,  it  has  been  customary  to  admire  the  a 
called  "  wisdom  of  the  Creator  "  and  the  "  purposive  < 
trivances  of  Hi  a  Creation  "  especially  in  this  matter.  Bd 
on  more  mature  consideration  it  will  be  observed  that  t 
Creator,  according  to  this  conception,  does  after  all  but  pla] 
the  part  of  an  ingenious  mechanic  or  of  a  skilful  watcb 
maker ;  just,  indeed,  as  all  these  cherished  teloologi 
conceptions  of  the  Creator  and  His  Creation  are  ba^ed  o 
childish  anthropomorphism. 

We  admit  that  at  first  sight  this  teleological  explani 
tioQ  seeuia  to  afford  the  simplest  and  fittest  interpreUitioA  J 
of  these  very  apt  contrivances.     If  the  structure  and  fur 
tiona  of  the  very  highly  developed  sense-organs  are  t 
regarded,  it  seems  as  though  their  origin  is  hardly  ex 
able  except  on  the  assumption  of  a  sapematural  creatil^ 
act.    But  it  is  exactly  on  this  point  that  the  histoij  < 
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evolution  proves  most  clearly  that  this  received  conception 
ia  radically  false.  The  history  of  evolution  convinces  us  that 
the  highly  purposive  and  admii-ably  constituted  sense  organs, 
like  all  other  organs,  have  developed  without  premeditated 
aim ;  that  they  originated  by  the  same  mechanical  process 
o!  Natural  Selection,  by  the  same  constant  interaction 
of  Adaptation  and  Heredity,  by  which  all  the  other  pur- 
posive contrivances  of  the  animal  organization  have  been 
aiowly  and  gradually  evolved  dming  the  "  Struggle  for 
Existence." 

Like  most  other  Vertebrates,  Man  possesses  six  distinct 
organs  of  sense,  which  accomplish  seven  distinct  sensations. 
The  external  skin-covering  accomplishes  the  sensation  of 
pressure  (resistance)  and  of  temperature  (warmth  and  cold). 
This  is  the  earliest,  the  lowest,  and  the  least  differentiated 
organ  of  sense ;  it  is  distributed  over  the  entire  surface  of  • 
the  body.  The  other  sensorial  activities  are  localized.  TIio 
iHjxual  sense  b  limited  to  the  skin-covering  of  the  external 
sexual  organs^  just  as  the  sense  of  taste  is  limited  to  the 
mucous  membrane  of  the  mouth-cavity  (tongue  and  palate), 
sod  the  sense  of  smell  to  the  mucous  roemhrane  of  tlie 
now-cavity.  Special  mechanical  contrivances  of  great  com- 
plexity exist  for  the  two  highest  and  most  differentiated 
organs  of  sense,  the  eye  for  the  sense  of  sight,  and  the  ear 
for  that  of  liearing. 

Comparative  Anatomy  and  Physiology  show  that  in  the 
low  animals  specialized  sense-organs  are  entirely  wanting,  and 
that  all  sensations  are  transmitted  through  the  outer  surface 
of  tbeskin-covoring.  The  undifferentiated  skin-layer,  or  exo- 
cWm,  of  the  Gastnea  is  the  simple  cell-layer  from  which  tlie 
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differentiated  sense-organs  of  all  Intestinal  Animals  {iIeliuoa\. 
and,  therefore,  of  all  Vertebrates,  originally  developed.  StAr^ 
ing  from  the  consideration  that  neeeasarily  only  the  mosi 
superficial  parts  of  the  body,  those  immediately  exposed  to 
tlie  outer  world,  could  have  accomplished  sensations,  wa 
should  be  justified  in  conjecturing  d  priori  that  the  organs  rf 
sense  also  owe  their  origin  to  the  same  part  This  U,  indeed, 
the  fact.  The  moat  important  part  of  all  sense-orgajw 
develops  from  the  outermost  germ-layer,  from  the  skiit* 
sensory  layer ;  in  part,  directly  from  the  hom-plate,  and,  in 
part,  from  the  brain,  the  foremost  section  of  the  modullaT^ 
tube,  after  this  has  separated  from  the  hom-plate. 
comparing  the  individual  development  of  the  various  organl 
of  sense,  we  see  that  at  first  they  make  their  appearance  tl 
the  simplest  conceivable  form :  only  very  gradually  1 
•  that  wonderful  perfect  structure  develop  by  which  ttu 
higher  sense-organs  eventually  become  the  most  remarkabto 
and  the  most  complex  mechanisms  of  the  entire  organizi 
tion.  All  organs  of  sense  are,  however,  originally  merely 
portions  of  the  external  skin-covering,  in  which  sensond 
nerves  are  distributed.  Even  these  nerves  were  orij^nall] 
homogeneous  and  unilifierentiated  in  chamcter.  QradusUy 
by  division  of  labour,  the  various  functions  or  * 
ener^es"  of  the  different  sensorial  nerves  developed.  Siiuul 
taneously  the  simple  terminal  expansions  of  lhee«  1 
nerves  in  the  skin-covering  developed  into  extremely  coi 
pi  ex  organs. 

The  important  bearings  of  these  historic  facts  upon  t 
just  appreciation  of  mental  life  will  readily  be  perceived^ 
The  whole  philosophy  of  the  future  will  assume  anothei 
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^^^^^^^^^B  ^ychology  has  gained  an  accurate  know- 
^^^^^^^^^p^enotic  facta,  auU  has  made  theia  the  basis  of 
Hs  speculations. 

If  tLe  psychological  teachings,  published  by  the  best- 
known  speculative  philosophers,  and  still  generally  received, 
tse  impartially  studied,  the  simplicity  with  which  the  authors 
bring  foiTvard  their  airy  metaphysical  speculations,  regardless 
i>f  all  the  significant  ontogenetic  facts  by  which  their 
docirinea  are  clearly  refuted,  cannot  fail  to  cause  great  sut - 
prise;.  And  yet  the  history  of  evolution,  in  conjunction 
with  the  rapiiUj  advancing  Comparative  Anatomy  and 
Physiology  of  the  sense-organs,  affords  the  only  safe  founda- 
tion for  the  natural  theory  of  the  mind. 

With  reference  to  the  terminal  expansions  of  the 
sensory  nerves,  the  human  organs  of  sense  may  be  distri- 
buted into  three  groups,  corresponding  to  three  diffment 
stages  of  development.  The  first  group  includes  those 
Bcnse-urgans,  the  nerves  of  which  disti-ibute  themselves 
simply  in  the  free  surface  of  the  skin-covering  (organs  of 
the  sense  of  pressure,  of  heat,  and  of  the  sexual  sense),  In 
the  second  group,  the  nerves  distribute  themselves  in  the 
aiucous  membrane  of  cavities,  which  are  originally  grooves 
or  inversions  of  the  skin-covering  (organs  of  taste  antl  of 
lU).  Finally,  the  tliird  group  is  constituted  by  those 
Teiy  highly  deveIojH;d  sense-organs,  the  nerves  of  which 
distribute  themselves  ovsr  an  inU^mal  vesicle  detached  from 
tho  skin-covering  (organs  of  sight  and  hearing).  This 
rvTiiarkable  genetic  relation  is  i-epresented  in  the  fullowuig 
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Of  the  developmental  history  of  the  lower  otgaita  ( 
senBG  I  have  but  little  to  say.  Thedevelopim^ni.  uf  theskii 
covering,  which  is  the  organ  of  the  sense  of  pressure  (aeiu 
of  touch)  and  of  warmth,  we  have  already  traced  (p.  209] 
I  need  only  add  that  in  the  leather  skin  (corium)  of  I 
03  of  all  higher  Vertehrates,  innumerahle  microscopic  senai 
organs  develop,  the  direct  relations  of  which  to  the  6on&» 
tioDB  of  pressuj-e  or  resistance,  of  warmth  and  of  cold,  i 
not  yet  ascertained.  These  organs,  in  or  upon  which  ( 
sensitive  skin-nervea  terminate,  are  tho  so-called  "tou 
bodies "  and  the  "  Pacinian  bodies,"  named  after  thair  d 
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aaverer,  Pacini.  Similar  bodies  are  also  found  in  the  organs 
of  the  sexual  sense,  in  the  penis  of  tlie  male  and  in  the 
clitoris  of  the  female ;  these  are  processes  of  the  integument, 
•nd  the  development  of  which  we  shall  consider  presently, 
eonnectioQ  with  that  of  the  other  organs  of  generation, 
llie  development  of  the  organ  of  taste,  the  tongue  and  the 
palate,  vre  will  also  consider  presently,  in  connection  with 
that  of  the  intestinal  canal,  to  which  these  parts  belong. 
To  one  point,  however,  I  vill  now  call  particular  attentitm, 
the  mucous  membr;ine  of  the  tongue  and  palate,  in 
which  the  taste- nerve  terminates,  is  also  in  its  origin  a  portion 
of  the  external  skin-covering.  For,  as  wc  found,  the  entire 
mouth-cavity  originates,  not  as  a  part  of  the  actual  intes- 
tinal canal,  but  as  a  groove-like  inversion  of  tlie  external 
skin  (vol  i.  p.  33S).  Its  mucoua  membrane,  therefore,  is 
formed,  not  from  the  intestinal  layer,  but  from  the  skin- 
layer,  and  the  taste-cells  on  the  upper  surface  of  the  tongue 
tad  palate  arise,  not  from  tho  intestinal-glandular  layer, 
bat  from  the  akin-sensory  layer. 

This  ia  equally  true  of  the  mucous  membrane  of  tho 
organ  of  smell,  the  nose.  The  history  of  the  development 
of  this  sense-organ  is,  however,  of  far  higher  interest. 
Altltoiigh  the  human  n'lse,  externally  viewed,  seems  simple 
and  single,  yet  in  Man,  as  in  all  higher  Vertebrates,  it 
oinnsts  of  two  perfectly  distinct  lialves,  of  a  right  and  a  left 
ual  cavity.  These  two  cavities  are  entirely  separated  by 
vertjcal  partition,  so  that  the  passage  into  the  right  nasal 
cavity  lies  only  through  the  right  nostril,  and  into  the  left 
nvity  only  through  the  left  nostril.  Posteriorly  the  two 
nasal  cavities  open  separately  through  the  two  |)osteriur 
l1  apertures  into  the  head  of  the  pharynx,  so  that  the 
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pharynx  may  be  entered  without  touching  the  canty  of  tbl 
mouth.  This  is  the  passage  by  which  air  is  usually  inhaled 
the  mouth  being  shut,  it  enters  the  pharynx,  and  thent 
passes  tiirough  the  windpipe  into  tlie  lungs.  Both  nasi 
cavities  are  separated  from  the  mouth-cavity  by  the  boii 
Eontal  bony  palate  roof,  to  the  back  of  which  the  i 
palate  and  the  uvula  is  attached,  like  a  hanging 
In  the  upper  and  hinder  portion  of  both  nasal  cavities  tl 
olfactory  nerve  extends  over  the  mucous  membrane,  whic 
lines  these  parta  This  is  the  first  pair  of  brain  nerve 
which  issue  fi-om  the  skuU-cf-vity  through  the  sieve  1 
Its  branches  extend  partly  over  the  partition  wall,  ai 
partly  over  the  inner  side-wallfl  of  the  nasal  cavities,  ' 
which  are  attached  the  "  ahcUs,"  or  spongy  bones  of  tl 
nose — complex  bony  structures.  These  "  shells  "  are  mtw 
further  developed  in  many  of  the  higher  Mammals  thai 
iQ  Man.  In  all  Mammals  there  are  three  of  these  "  shellji' 
in  each  of  the  two  nasal  cavities.  The  sensation  of  smel 
is  produced  by  a  current  of  air,  containing  odoriferon 
matters,  passing  over  the  mucous  membrane  of  tho  cavitiei 
and  there  coming  in  contact  with  nerve-ends. 

The  peculiar  characters  which  distinguish  tlie  olfiictoii 
organ  of  Mammals  from  that  of  lower  Vertt;bratca,  u 
represented  in  Man.  lu  all  specific  points  the  human  ncM 
exactly  resembles  that  of  the  Catarhine  Apes,  some  of  whic 
indeed  possess  an  entirely  human  external  noae  (see  fac 
of  the  Nose-ape,  Fig.  202,  p.  175).  The  first  rudiment  of  tj 
olfactory  organ  in  the  human  embryo  does  not,  honrevfll 
show  any  signs  of  the  line  form  of  the  future  catorhin 
nose.  Indeed,  it  first  appears  in  the  same  form  whid 
pereisto  for  life  in  Fishes ;  in  the  form  of  two  simple  piti 
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grooves  in  the  skin  of  the  upper  surface  of  the  head.  In 
ail  Fi&hes  two  of  these  mere  blind  none-pits  are  found  in 
thu  upper  surface  of  the  head ;  sometimes  they  are  situated 
at  the  back,  near  the  eyes,  sometimes  near  the  snout,  or, 
again,  near  the  mouth-opening  (Fig.  191,  n,  p.  113).  They  are 
lined  by  mucous  membrane  in  folds,  over  which  the  end 
branches  of  the  olfactory  nerves  spread. 

In  this  its  original  condition  the  double  nose  of  all 
Amphirhina  {p.  101)  is  entirely  unconnected  with  the  pri- 
mitive mou  til -cavity.     The  connection,  however,  begins  to 


Fl«.  £31.— Head  of  a  Shark  {Seyl 
n),  from  the  TenCral  aide:  tTi, 
opmiingi  0,  cose  gnKiTe\  or  p 
paaal  fnrroiTi  n,  oose-Bap  i 
ulnr*l  pnnlioD;  n',  noao-asp  I 
■PL  fThs  d«ta  aT«  oponiog*  ot  n 
duela.)    (AAer  Gt^t'nbaiir.} 


^jqiear  even  in  some  Pdmitive  Fishes  (Sehchli) ;  a  super- 
ficial skin-furfow  extends  on  each  side  from  the  nose-groove 
down  to  the  adjacent  corner  of  the  mouth.  This  furiow, 
tiie  nasal  channel,  or  furrow  (Fig.  231,  t),  b  of  great  sig- 
jiifictuice.  In  many  Sharks  (e.g,,  Scytlium)  a  special  process 
of  the  frontal  skin,  the  nasal  dap,  or  "  inner  nasal  process," 
overlaps  the  nasal  furrow  («.,  n").  Opposite  to  this  tlie  outer 
e<Ige  of  the  furrow  rises  and  forms  the  "outer  nasal  process," 
In  Dipneusta  and  Amphibia  those  two  nasal  processes  meet 
Dvor  the  furrow  and  coalcsco,  thus  fomiiug  a  canal,  tlie 
"  nasal  canal."  There  is  now  a  passage  Irom  the  external 
■ttii&t  groove  through  this  canal  directly  into  the  mouth- 
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cavity,  wliich  latter  was  developed  independently  ^f  1 
groove.     In   the  Dipneusta  and   the  lower  AinphibiA  I 
internal  opening  of  the  nasal  canal  lies  well  forward  (behin 
the  lips) ;  in  the  higher  Amphibia  it  lies  further  back, 
the    three    highest  vertebrate   classes,   tlie    Amniota,   I 
primary  mouth-cavity  is  separated  by  the  formation  of  t 
horizontal  palate  roof  into  two  perfectly  distinct  c&viti 
the  superior  (or  secondary)  nasal  cavity,  and  the  inferior 
(or  secondaiy)   mouth-cavity.     The  nasal    ca^-ity   ia 
separated  by  the  vertical  partition  into  two  distinct  kalvM 
into  a  right  and  a  left  nasal  cavity. 

Comparative  Anatomy  thus  still  shows  us  simultaneous 
,  in  the  ascending  series  of  the  double-noatrillcd  Vertebi 
from  Fishes  up  to  Man,  all  the  various  stages  of  develc^  I 
ment  of  the  nose  which  the  very  highly  developed  oUactoij  i 
organ  of  the  higher  Mammals  has  passed  through  8ucce$- 1 
sively  in  the   difieitnt  periods  of  its  tribal  bistoiy.    TTi*  I 
-•irst  rudiment  of  the  organ  of  araoll  in  the  embryo  of  Maa   ■ 
and  in  that  of  all  the  higher  Mammals,  makes  its  appcarann 
in  the  same  entirely  simple  form  which  is  retaini;d  throughout 
life  by  the   nose  of  Fishes.     At  a  very  eai-ly  stag«,  aiid 
while  no  trace  of  the  characteristic  facial  structure  of  Mid 
is  yet  visible,  a  pair  of  small  grooves  apjwar  on  tlie  front 
of  the  head,  and  before  the  primitive  mouth-cavity ;  thesr 
were  first  discovered  by  Baer,  and  by  him  properly  cnongb 
named  "  olfactory  grooves  "  ("  Riechgruben,"  Figa.  232, «, 
233,  n).    These  primitive  nasal  grooves  ara  quit«  aeparatt 
from  the  primitive   mouth-cavity,  or  mouth    indentation, 
which,  as  we  found,  likewise  makes  its  appearance  u  > 
groove-like  indentation   of  the   external  skin-covering  in 
front  of  the  blind  anterior  e^ttremtty  of  the  intef>tiDaI  canal 
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This  ])&ir  of  nasal  grooves,  as  well  aa  tho   single  mouth 
groove   (Fig.   235,   m),   is  lined    by   the  horn-plate,      The 


Fra.  235. 


FlQ.  236. 


Fiu*.  K32.  S33.-nc»d  at  m  (Miiliryonic  ChieV,  on  llio  third  1I07  of 
tncDlMtion ;  SIS,  fnidi  tho  frunt ;  233,  frutn  tho  right  Hidd,  n,  Ntise-nidi- 
(iJfactory  groore*)  ;  1,  eye-ruditoenl  (slgbl-ijroovea) ;  ■».  ear-rudiniunl 
(•wlitarir  groovr«)[  f.  rorc-bnio  i  gt,  eyo.Blitaj  0,  npper  jaw  procou;  «, 
jur  proct'u  of  th«  lirRt  gill  arch. 

a.  231. — Usui  of  on  emlirjonic  Chick,  on  the  foorlh  d»y  of  incobation, 
helow:  n.  oocD.groovo ;  e,  np)wr  Jaw  profess  uf  tho  tint  i^ll  arch; 
vr  jkvr  priKwai  uf  thi>  ■■me  |  k",  •ecuiid  gill-imh  1  tp,  uhoroidul  iliiBiira 
>y«l  (,  llimtt  (pharyni). 
riui.  Z3S.  23G.~Two  bond*  of  embiyonio  Cfaicka  :  S35,  at  the  mi<I  of  the 
nirtk  its* ;  sail,  at  tl>L-  •'T.d  »( thn  Hfih  day  of  IncubntioD,    The  let 


■  ri«.  Sa-1.       Ad.litiol.Bl  tetl 

J  fiuToi*  i  •!,  froiiial  pniet'iH 


I,  outer  imiaU  prowsBi  n/, 
(AIUt  Koellihvr.) 
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original  separation  of  the  nasal  groove  from  tbe  i 
groove  is,  liowever,  soon  mternipted,  for  the  frontal  ] 
(Fig.  235,  »(,  Rathke'a  "  Nasenfortsatz  der  Stimwand" 
is  immediately  formed  above  the  mouth  groove.  Right  a 
loft  the  eilge-a  of  this  pi-ocess  project  in  the  form  of  twi 
lateral  processes :  these  ai'e  the  inner  nasal  processes,  <| 
iiasal  flaps  (Fig.  235,  in).  On  each  side,  opposite  to  thei 
rises  a  parallel  ridge  between  tlie  eye  and  the  nasal  grtww 
These  ridgcpB  are  the  outer  nasal  processes  (Rathke's  "Nasoa 
dacher,"  Fig.  235,  an).  Between  the  inner  and  ouU 
nasal  process  a  cliamiel-like  depression  thus  extends  < 
each  side  from  the  nose  groove  toward  the  mouth  groo* 
(ni),  and  this  channel  is,  of  course,  the  same  nasal  funrai 
or  channel  which  we  found  in  the  Shark  (Fig.  231,  r).  . 
the  two  parallel  edges  of  the  inner  and  Uie  outer  juu 
processes  bend  towards  each  other  and  coalesce  above  t 
nasal  channel,  the  latter  becomes  a  small  tube — the  primitiv 
"  nasal  canal."  In  this  stage  of  its  Ontogeny,  therefore,  tl 
nose  of  Man  and  of  all  other  Amnion  Animals  consists  ■ 
two  smalt  narrow  tubes — the  "nasal  canals" — leading  fro 
the  outer  surface  of  the  frontal  skin  into  tlie  simple  pi 
mitive  mouth -cavity.  This  transient  condition  rescmU 
the  permant-nt  condition  of  the  nose  in  Dipneusta  ai 
Amphibia.  (Cf.  Plate  I.,  Frontispiece,  witli  cxplanatiua) 
Specially  significant  in  the  modification  of  the  open  naa 
cliannel  into  the  closed  nasal  canal,  is  a  plug-shaped  fonoi 
tion,  which  extends  from  below  up  to  the  lower  extxemitii 
of  both  the  nasal  processes  on  each  side,  and  unites  viHi 
them.  Tliis  is  the  upper  jaw  process  {Figs,  232.  o,  236,< 
Plate  L,  o).  Below  the  mouth  groove  lie  the  gill  t 
which  ant  si-paratud  from  onu  another  by  the  gill  « 


(Plates  I.,  TI.,  and  VII..  k).  The  first  of  these  gill  archea.  at 
present  tlte  most  interesting  to  us,  which  we  may  call  the 
jaw  arch,  develops  the  jaw-skeleton  of  the  mouth  (Plate  I.,  u). 
A  small  process  first  grows  out  from  the  base  of  tho  front 
(^ll-arch:  this  la  the  upper  jaw  procesa  The  first  gill-arch 
il^lf  develops  a  cartilage  on  its  inner  side,  called  after  its 
discoverer,  "Meckel's  cartilage,"  on  the  outer  surface  of 
whidi  the  lower  jaw  forms  (Figs.  232,  li,  23G,  u).  The  upper 
jaw  process  forms  the  principal  part  of  the  entire  framework 
of  the  upper  jaw,  viz.,  the  palate  bone  and  the  wing  bone. 
On  its  outer  aide  the  upper  jaw  bone,  in  the  nanower  sense, 
afterwards  arises,  while  the  midille  portion  of  the  upper  jaw 
skeleton,  the  twixt  jaw  (intermaxillary  bone)  develops 
Crom  the  anterior  portion  of  the  frontal  process.  (Sue 
development  of  the  face  in  Plate  I.) 

In  the  further  characteristic  development  of  the  face  in 
tjie  Uiree  higher  vertebrate  classes,  the  two  upper  jaw  pro- 
cesses are  of  the  highest  importance.  From  them  proceeds 
the  palate  roof,  the  important  horizontal  partition  which 
grows  into  tho  simple  primitive  mouth-cavity,  separating 
it  into  two  quite  distinct  cavities.  The  upper  cavity, 
into  which  tba  two  nasal  cavities  open,  now  develops  into 
tlie  nasal  cavity — a  respiratory  air  passage  and  an  olfactory 
ot^gan.  The  lower  cavity,  on  the  other  hand,  forms,  by  itself, 
tho  pennanent  secondary  mouth-carity  (Fig.  237,  m) — the 
digestive  food  passage  and  the  organ  of  taste.  Both  the  upper 
smell-cavity  and  the  lower  taste-cavity  open  at  the  back  into 
the  thmat  (jiharynx).  Tlie  palate  roof  sopamting  these  two 
cavities,  is  formed  by  the  coalescence  of  two  lati'ral  portions 
■—of  the  horizontal  plates  of  the  two  upper  jaw  processes 
(lialatd-plated ;  Fig.  237,/»).     When  these  do  not  perfectly 
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adhere  in  the  middle  line,  the  result  is  a  pemtaiient  lon^ 
tudinal  cleft,  through  which  there  is  an  ojten  paa»s^  f 
the  mouth-cavity  directly  into  the   nasal  cu\ity.     The 


Pro.    S37.  —  I>io^rnmmBtii>     tn<n>.ve 
throagb   Uie  montb   and  now)  oavil}-. 
pain le -plates  (p)  aeparalK  tho  original  nioDtb-isiriM 
inti)  the  lower  aeconiliirjr  mouth-OBrilj'  (m)  ami  ll 
upper  DOfoX  CBVJtj,  the  latUtr  ta  parted  by  the  n 
iiuil  punitioQ  wall  of  the  none  («)  into  Iwo  iJiMial 
halves  (n,  •■).     (After  Gegontanr.) 


called  "  wolfs  jaws"  are  thus  caused.     The  "hare-]ip'*ai 
"sjilit  lip"  is  a  slighter  degree  of  this  arre8ted  < 
ment.'" 

Simultaneously   with   the   Iiorizontal   jiartition   of   1 
palate  roof,  a  vertical  wall  by  which  the  single  domI  c 
is  divided   int'i   two,  a  right  and  a  lefl  cavity,  dei 
(Fig.  237,  n,  n).     Tliia  vertical  paitition  of  tlie  amb  («)  I 
formed  by  the  middle  part  of  the  frontal   pi'ooess: 
this  gives  rise  by  ussilicatiim  to  tlie  vertical  lamella  vi  tl 
sieve  hone  (cubiform  platej,  and  below  the  great  ' 
iKiny  partition  wall — the  "plough-share"  (vovier),  and  1 
front  to  the   twixt-jaw  (im  hifermaxlllare).      0<ietlt«  1 
the  first  to  show  that  in  Man,  just  as  in  all  the  other  Skul 
Animals,  the   twist-jaw   apjtears  as  an   independent  1 
between  the  two  halves  of  the  upper  jaw.     The 
{jart.ition  wall  of  the  nose  finally  coalesces  with  the  horizonl^ 
jmlate  roof.     The  two  nasal   cavities  are  now  as  enlan-lfl 
separate  from  one  another  aa  from  the  secoadaiy  tiwnUi-r 
cavity.     These  three  cavities  open,  however,  at  the  badc| 
into  the  phamyx,  or  jaw-cavity. 


The  doable-nostrilled  nose  has  now  attained  the  struct»ire 
characteristic  of  Man  in  common  with  all  other  Maminak. 
Itis  further  development  is  very  easily  intelligible:  it  is 
limited  to  the  formation  of  internal  and  external  processes 
of  the  walls  of  both  nasal  cavities.  Within  tlio  cavities 
develop  the  "  nose  shells,"  spongy  hony  structures,  over  which 
the  olfactory  mucous  membrane  sjireads.  The  first  brain 
nerve,  the  olfaeUiry  nerve,  witli  its  delicate  brajiches,  passes 
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from  the  large  brain  through  the  roof  of  both  nasal  cavtttei 
into  the  cavities,  and  extends  over  the  olfactory  mucom 
membrane.  At  the  same  time,  bj  inversion  of  the  naaal 
mucous  membrane  the  minor  cavities  of  the  nose,  which  an 
afterwards  filled  with  air,  and  which  communicate  directly 
with  the  two  nasal  cavities,  arise  {frontal  cavities,  cavities  a 
the  sphenoid  bone,  jaw  cavities,  etc.).  In  this  special  stago 
of  development  they  occur  only  in  Mammals.'" 

The  estemal  noae  is  not  develojied  until  long  after  i 
these  essential  internal  parU  of  the  olfactory  organ  hvn 
been  formed.  The  first  trace  in  the  human  embryo  appeafl 
at  the  end  of  the  second  month  (Figs.  238-2iO). 
human  embryo  during  the  first  month  shows  that  originallj^ 
there  is  no  trace  of  the  external  noae.  It  afterwards  grows  T 
out  from  the  anterior  nasal  portion  of  the  primitive  skulL 
Tlie  form  of  nose  which  is  characteristic  of  Man  doos  i 
appear  till  a  period  far  later.  Much  stress  is  ustiallj 
laid  on  the  shape  of  the  external  nose  as  a  noble  orgai 
occurring  exclusively  in  Man;  hut  there  are  Apes  wliid 
have  very  human  noses,  as,  for  instance,  tlie  Nosed  Api 
already  mentioned.  On  the  other  band,  the  external  i 
the  fine  shape  of  which  is  so  exti-emely  important  to  t 
beauty  of  the  facial  structure,  possesses  in  certain  inferioi 
races  of  Man  a  shape  anything  but  beautifuL  In  mo< 
Apes  the  externa]  structure  of  the  nose  remains  undeveloped 
Especially  remarkable  is  the  important  fact  already  dte 
that  it  is  only  in  the  Apes  of  the  Old  World,  in  the  C 
rhines,  that  the  nasal  partition  wall  (scpluvi)  remains  i 
small  as  it  is  in  Man ;  in  Apes  of  the  New  Woi  Id  it  wiilen 
considerably  at  the  base,  so  that  the  nostrils  open  uutwanll 
;i'Iatyrhiui,  p.  175). 
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Bun  in  Noai. 
fWit  Stagt!  Kete  qf  the  earlier  Primiiive  FiifiM. 
e  is  formed  by  a  pair  of  simple  Bkin-grooveB  (noBH-pita)  in  the 
IT  pemuuieutij  retained 


r  inrfuco  of  the  bead  (like  thoee  wbiob  are  u 
bf  the  lower  Selachians). 

Second  Stag*  .-  Vdm  0/  I'x  tnort  racml  i¥itntliu<  Fiihei. 
Each  of  the   tvro  bliod  nasal  ^rooveH  bpcomeB  coDnectod  by  a  fnrrovr 
{ nasal -fnirow)  witb  one  end  of  the  mouLh  (as  ia  jet  pemutneatl;  the  caee  in 
Uie  higher  Selacbiana). 

Third  Stage  ,  Hole  of  the  Dipnmsla. 
k1  forroirs  change,  id  ccaseqoenoe  of  Lhe  ooalesoenco  of  ihnir 
cdgec,  into  clneed  caaala  (primorj  no8B-cBnB.lB),  which  open  at  their  front 
ends,  within  ttie  soft  edges  of  tbe  lip,  into  the  primarj  mDnth-caviljT  as  is 
yet  peraHtneatl;  tbe  c*m  in  tbe  Dipneuata  and  the  earlier  lower  Amphibia 
iSemtnnelM). 

Fourlh  Stage:  No$e  of  Amphibia. 
Tbe  inner  openings  of  tbe  nasal  oanals  penetrate  farther  back  into  the 
primary  mouth ■mvitj',  ao  tbnt  they  are  BuriDnnded  by  bard  bony  poitious  vt 
Uui  jaw  {s«  is  yet  pemiiuieDtly  the  case  in  the  hij^her  Amphibia). 
Fifi\Stas»i  NoleoftheFrotamnia. 
lie  munth-cafity.  into  which  bath  nasal  oanuls  open,  Beparates, 
a  of  the  fonnalion  of  a  horiaonlal  partition  (the  p&late-rooO> 
n  apper  nasal  onvity  nnd  a  lower  (seoondary)  moutfa-cnvity.     Tlie 
tormaUim  of  the  spongy  bones  of  tbe  noee  oommencos  (as  in  the  earlier 
AniniOD  Animals}. 

Siitk  Staje :  Note  qf  the  torlier  UaMOHif*, 
simple  nosfr^iavity  aepanteB,  in  consequence  of  the  d err  1  opine ril  of 
a  vertical  putitioo  wall  (the  "plouyli/'von^r),  into  two  distinct  noSd.cuvtliuH. 
*acfa  of  which  is  oGcnpied  by  one  of  the  uiuul  caiiaU  (ui  is  yet  the  cose  in  ull 
**■■""—'*)      The  spongy  nose-bones  differuntiale. 

BnirntK  Etof :  Noit  0/  tht  mme  rtetnl  JTuMMali. 
Within  bnlh  now-HivilTes  the  dBvclopnient  of  the  spongy  bones  pnioreds 
(vrUier,  and  au  eiteiual  uom  begins  to  furm. 

Kighth  Stage  ,  h'ote  of  tkt  Cofor*in»  A'pee. 
The  lotomal   and  the  eitcrijiit   noeo   atinin  the  (oil  di'iclopmenl  ex- 
dl»i*oly  duknotvristio  ul  Cutarluue  Apes  and  of  Man. 
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The  hist>ry  of  the  development  of  the  eye  is  equally 
remarkable  and  instructive.  For  although  the  eye,  owing 
to  its  exquisite  optical  arrangement  and  wonderful  struc- 
ture, is  one  of  the  most  complex  and  most  nicely  adapted 
organs,  yet  it  develops,  without  a  preconceived  design,  from 
a  very  simple  rudiment  in  the  outer  skin-covering. 


Fio.  -41. — The  hurojoi  ere  in  trmnsrerae  section:  o,  protectire  membtmce 
(5c?fr^.fi.M» ;  ^.  hom  membnuie  (wnwa^;  r,  outer  membnuie  (eop^wiicfira) ; 
if.  circular  veins  of  iris;  e,  rascaUr  membrane  (ekwrnidea);  /,  cUiart 
muscle;  j,  i*';*"rui  ciliari$i  A^  rainbow  membrane  (t>i«);  t,  optic  nerre 
,n.  opt%cu.<'t :  it.  anterior  limit  of  the  retina;  I,  crystalline  lens  {IfiiM  cryiUU 
(iMiiN;  ••;,  inner  c<."»ver  of  :he  horn  membrane  (water  membrane,  membrane 
Ikscemeti't:  n.  {tihrnient  membrane  {p%>Tm^ntosa);  o,  retina',  p,  '^jMrtitf-caaal;" 
7,  yellow  siv»l  of  the  rtfih.i.     ^^Aflor  Helmholts.) 

When    fully  develoiXHl,  the   human   eye  is  a  globular 
capsule  ^the  oyel^all.  bulhus.  Fig.  241).      This  lies  in  the 
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bony  orbit  of  the  akuU,  siiiToundcd  by  protective  fat  and 
by  motor  muscles.  The  greater  part  of  this  eyeball  is 
occupied  by  a  semi-fluid,  clear  gelatinous  substance,  the 
vitreous  body  (corp'is  vitreum).  The  crystalline  lens 
(Fig.  241,  t)  is  embedded  in  the  anterior  surface  of  the 
ritreous  body.  It  is  a  lentil-shaped,  bi-convex,  tiansparent 
body — the  most  important  of  the  liglit-refracting  media  of 
the  eye.  Among  these  media  is,  in  addition  to  the  lens 
and  vitreous  body,  the  aqueous  humour  (humor  aipieus,  at 
m,  in  Fig.  241},  in  front  of  the  lens.  These  three  pellucid, 
ligbt-refracting  media — the  vitreous  body,  the  crystalline 
lens,  and  the  aqueous  humour — by  which  the  rays  of  light, 
incident  on  the  eye,  are  refracted  and  concentrated,  aie 
unclosed  in  a  firm  globular  capsule  consisting  of  several 
■liferent  membranes,  comparable  with  the  concentric  layers 
of  aa  onion.  The  outer  and  thickt'st  of  these  forms  the 
white  protective  membrane  of  the  eye  (sclerotica,  a).  It 
cooaiKts  of  firm,  compact  white  connective  tissue.  In  front 
of  the  lens  a  circular,  very  convex,  transparent  plate,  re- 
sembling a  watch  glass,  is  inserted  in  the  white  protective 
membrane ;  this  is  the  homy  membrane  (cornea,  b).  On 
its  outer  surface  the  homy  membrane  ih  covered  by  a  very 
Lbin  coating  of  outer  skin  (epidermis)  ■  this  coating  is 
called  the  connecting  membrane  (conjunctiva);  it  extends 
frcm  the  homy  membrane  over  the  inner  surface  of  both 
vyelids — the  upper  and  lower  folds  of  skin  which  on  closing 
the  eyes  are  diawn  together  over  them.  At  the  inner 
comer  of  our  eye  there  is,  as  a  sort  of  rudimentary  organ, 
the  remoant  of  a  third  (inner)  eyelid,  which,  as  the  "  nic- 
titating membrane,"  Is  highly  developed  in  the  lower 
Vertebratea^vol.  i.p.  110).    Below  the  upper  eydid  arc  lodjjed 
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tha  tear-glnnds,  the  secretion  of  which  keeps  the  snrfacs 
of  the  eye  smooth  and  clean. 

Directly  under  the  protective  membrane  is  a  dcltc&t* 
dark-red,  highly  vascular  membrane,  tlie  vascular  menw 
brane  (choroidea,  e),  and  within  this  the  retina  (o).  whidi 
ia  a  dilatation  of  the  optic  nerve  (i).  This  hitter  ia  tl»9 
second  brain  nerve.  It  extends  from  the  "  centre  of  sij 
(the  second  brain-bladder)  to  the  eye,  penetrates  the  outer 
coats  of  this,  and  then  extends,  as  the  retina,  between  th« 
vascular  membrane  (dioroidea)  and  the  vitreous  bodyi 
(otwpM*  vUyeum).  Between  the  retina  and  the  vascular 
membrane  lies  another  very  delicate  membrane,  whidi 
is  commonly,  but  wrongly,  considered  as  part  of  the  latter. 
This  is  the  black  pigment  membrane  (pigmevtosa,  lamiTt^ 
piffmenti,  n),  or  the  "black  carpet"  (tapetum  niffi^m). 
It  consists  of  a  single  layer  of  beautiful  hexagonal  ccUlj 
accurately  joined  together  and  611ed  with  black  pigment 
granules.  This  pigment  membrane  lines,  not  only  the  inner 
surface  of  the  actual  vascular  membrane,  but  also  the  pos- 
terior surface  of  its  anterior  muscular  prolongation,  which, 
as  a  circular  ring-like  membrane,  covers  the  edge  of  the  lett^ 
and  prevents  the  penetration  of  lateral  rays.  Thin  is  tha 
well-known  "rainbow  membrane"  (iria,  A),  which  is  differently 
coloured  in  different  persons  (blue,  gray,  brown,  etc.),  Thi* 
"rainbow  membrane"  is  the  limit  towards  the  front  of 
the  vaacular  membrane.  The  round  hole  in  the  iris  is  tb* 
pupil,  through  which  the  rays  of  ligfit  pass  into  the  interior 
of  the  eye.  Where  the  iris  proceeds  from  the  edge  of  th» 
actual  vascular  membrane,  the  latter  is  much  thickened  and 
forms  a  beautiful  ciliated  crown  {corona  ciliaria,  g),  wbicB 
surrounds  the  edge  of  the  lens  with  about  seventy  Iai;g^ 
and  many  smaller  raya. 


DEVELOPME>JT  OF  THE  EYE. 
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In  the  embryo  of  Man,  as  in  that  of  all  other  Amphi- 
rhioa,  two  pear-shaiied  vesicles  grow  out  latei-ally,  at  a.  very 
early  period,  from  the  foremost  part  of  the  first  bi'aia 
bladder  (Fig.  223,a, p.  218).  These  bladder-like  protuberances 
are  the  primary  eye-vesicles.  At  first  they  are  directed 
outward  and  forward,  but  they  soon  make  their  way  further 
downward,  so  that  after  the  specialization  of  the  live  brain- 
bladders,  they  lie  at  the  base  of  the  twist-brain.  The 
internal  spaces  within  the  two  pear-shaped  vesicles,  which 
soon  attain  a  considerable  size,  communicate  through  their 
hollow  stalka  with  the  cavity  of  the  twist-brain.  Their 
outer  covering  is  formed  by  the  outer  skin-covering  (horn- 
plate  and  leather-plate).  Where,  on  each  side,  the  latter 
comes  directly  in  contact  with  the  most  curved  portion  of 
the  primary  eye-vesicles,  a  thickening  (I)  arises,  and  at  the 
same  time  a  groove-like  indentation  (o)  in  the  hom-plate 
(Fig.  242, 1),  This  groove,  which  we  will  call  the  lens  groove, 
changes  into  a  closed  sac,  the  thick-walled  lens  vesicle  (2, 1), 
owing  to  the  fact  that  the  edges  of  the  groove  coalesce  above 


Pio.  14!.— Eyo  of  « 
I  fTnn  >ftor  liity.flva  hour*  of  incalmtion ;  2,  of  a  » 


r  I,  of  a  germ  four  Anjt  o 


:  h,  bDm-'plaCei  *,  leni  giiwrB ;  1,  lens  (in 


lidermi*,  whila  ii 


f  the  bom-plate  at  the  point  tnm  wtiich  tlia  lens  separatoil  i 
o-lyi  r,  rotiiiu!  II,  pigment  raurabnino.     (After  UnRink.) 
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it,  Exactly  as  the  medullaiy  tube  originally  aepanfes  from 
the  outer  germ-layer  does  this  lens-sac  separate  &ont  thv' 
hurn-plate,  in  which  it  originated.  Tlie  space  within  this 
sac  IB  afterwards  entirely  filled  by  the  cells  of  its  thick  wait, 
and  the  solid  crj'stalUne  lens  is  thus  formeA  The  latter  i^ 
iheriifore,  purely  a  formation  of  the  epidermis.  Together  with 
the  lena  the  small  fi-agment  of  the  leather-plate  (oorium) 
lyiTig  below  the  lens  separates  from  the  outer  skin-covering 
This  small  piece  of  the  leather-skin  very  soon  forms  a  highly 
vu.'icular  sac  round  the  lena  (capsuta  vasculota  lentit). 
Its  anterior  portion  at  Erst  covers  the  pupillary  orifice,  i 
is  llien  known  as  the  pupillary  membrane  (meni6i-aiti« 
jnii'UUtris).  Its  back  portion  of  the  same  membrane  is  callud 
the  "jnembrana  capsuh-pupUtaris."  This  "vascular  ien« 
capsule,  which  merely  serves  to  nourish  the  growing  lenss' 
afterwards  entirely  disappears.  The  later,  permanent  lena 
capnule  contains  no  vessels,  and  is  a  structureless  secretion 
of  the  lens  cells. 

As  the  lena  thus  separates  from  the  bom-plate  and 
grows  inward,  it  must  necessarily  indent  the  adjoining 
primary  eye-vcsiclcs  from  without  (V">g.  242.  1-3),  Thi» 
process  may  bo  compared  to  the  inversion  of  the  genn-men»« 
brano  vesicle  {bUtstuUt),  which  in  the  Amphioxus  and  to 
many  low  animals  gives  rise  to  the  ga3tnila(vol.  i.  p.  192).  lO' 
both  instances  the  loversion  of  one  side  of  the  closed  vesieto 
proceeds  until  finally  the  inner,  inverted  portion  touches  tba 
outer,  uninveited  portion  of  the  wall  of  the  veside, ! 
the  cavity  disappoai-s.  Just  an  in  the  gastrula  the  1 
part  changes  into  the  intestinal  layer  (entoderma),  i 
the  latter  into  the  skin-layer  {exoderma),  so  in  the  inn 
primary  eye-vesicle   the   retina  develops  from  the  for 
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(inner)  part  (Fig.  242,  r),  and  the  black  pigment  membrane 
(w)  from  tlie  latter  (the  outer,  uiiinverted  pait).  The  hollow 
BbUk  of  the  primary  eye-vesicle  cliaDges  into  the  optic 
nerve. 

The  lens  (l)  which  enacts  so  important  a  part  in  this 
inverting  process  of  the  primary  eye-vesicle,  lies  at  first 
directly  upon  its  inverted  part,  that  ia,  on  the  retina  (r). 
Very  soon,  however,  the  two  separate,  a  new  body,  the 
vitreous  body  {corpus  vitreum,  gl),  coming  in  between  them. 
While  the  lena-sac  is  detaching  itself,  and  the  primary  eye- 
veaicle  is  being  inverted  from  without,  another  inversion 
simultaneously  proceeds  from  beneath — from  the  superficial 
portion  of  the  skin-fibrous  layer,  i.e.,  from  the  leather-plate 
of  the  head.  At  the  back  of  the  lens  and  below  it,  a  ledge-like 
process  of  tlje  leather-plate  arises  (Fig.  243,  g),  which  inverts 
the  primary  eye-vesicle  (now  shaped  like  a  cup)  from  below, 
»nd  presses  in  between  the  lens  (I)  and  the  retina  (r) 
Tltua  the  primary  eye-vesicle  assumes  the  form  of  a  hood. 
The  opening  of  this  hood,  answering  to  the  face,  is  covered 
by  the  lens ;  but  the  opening,  through  which  the  neck 
would  pass,  answera  to  the  indentation  through  which  the 
leather-skin  passes  in  between  the  lens  and  the  retina  (the 
inner  wall  of  Uie  hood).  The  space  within  this  secondary 
eye-vesicle  is  almost  filled  by  the  vitreous  body,  which 
siisweis  to  the  head  wrapped  in  this  hood.  The  Iiood  itself 
in,  properly  speaking,  double :  tlie  inner  hood  it«elf  is  the 
retina,  and  the  outer  one,  directly  surrounding  the  former, 
is  the  pigment  membrane.  The  comparison  with  a  houd 
reoders  this  process  of  inversion,  which  is  sometimes  bard 
to  explain,  more  dearly  understood.  The  rudiment  of  tlie 
vitraotu    body  (corpws    mtreum)  is  at  first  very  incon- 
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Biderable  (Fig.  24:3,  g),  and  the  retina  disproportion! 
thick.  As  the  former  expands,  the  latter  becomes  mui 
thinner,  till  at  last  the  retina  appears  only  as  a  very  delici 


Pio.  243.— Hori«HiUl  Cmnav 
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coat  of  the  tliick,  almost  globular  vitreous  body,  which  G 
the  greater  part  of  the  secondary  cye-vesiiJe.  The  oul 
layer  of  the  vitreous  body  changes  into  a  highly  rascu] 
capsule,  the  vessels  of  which  afterwards  disappear. 

The  slit-like  passage  through  which  tlie  rudiment  of  tlM 
vitreous  body  grows  from  below  in  between  the  leas 
the  retina,  of  course  causes  a  break  in  the  retina  and  thv 
pigment-mem  bran  0.  This  break,  which  appears  on  the  inner 
surface  of  the  vascular  membrane  as  a  colourless  streak,  htit 
been  inaptly  called  the  choroidal  cleft,  though  the  tnie 
vascular  membrane  is  not  cleft  at  all  at  this  [xiint  (Fig- 
iSi,  «p,  23o,  sp,  p,  243J.  A  thin  process  of  Uie  vitreous  body 
passes  inward  on  (lie  under  surface  of  tbe  optic  nerve,  which 
it  inverts  in  tbe  same  way  as  the  primaiy  eye-veeide  »■» 
inverted.     The  hollow  cylimlrical  optic  nerve  (tlie  stalk  0' 
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the  primary  eye-vesiclo)  is  thus  transformed  into  a.  channel, 
opening  downward.  The  inverted  lower  surface  attaches 
iteelf  to  the  tminverted  upper  surface  of  the  hollow  stalk,  so 
that  the  hollow  space  within  the  stalk,  forming  the  com- 
tnunication  between  the  cavity  of  the  twixt-braia  and  of 
the  primary  eye-vesiele,  now  disappears.  The  two  edged 
of  the  channel  now  grow  downward  toward  each  other, 
enclose  the  band-like  process  of  the  leather-plate,  and 
coalesce  beneath  it  Thus  this  process  now  lies  within  the 
axis  of  the  solid  secondary  optic  nerve.  It  develops  into 
a  cord  of  connective  tissue  can-ying  the  central  blood-vessel 
of  the  retina  (vaaa  centralla  retiTUB). 

An  entirely  fibrous  covering,  the  fibrous  capaule  of  the 
eye,  now  finally  forms  round  the  outside  of  the  secondaiy 
eye-veaicle  and  its  stalk  (the  secondary  optic  nerve).  It 
originates  from  the  head-plate,  from  that  part  of  the  skin- 
fibrous  layer  which  immediately  encloses  the  eye-vesicle. 
This  fibrous  coveiing  takes  the  form  of  a  eompletcly-cloBed 
globular  sac,  which  surrounds  the  whole  ball  of  the  eye,  and 
on  the  outer  side  of  tliis,  grows  in  between  the  lens  and  the 
Kom-plate.  The  globular  wall  of  the  capaule  soon  separates, 
by  fission  of  the  surface,  into  two  distinct  membranes.  The 
inner  membrane  becomes  the  choroidea,  or  vascular  layer; 
in  front  it  forms  the  ciliated  crown  {corona  ciliaTis)  and 
the  iria.  The  outer  membrane,  on  the  other  hand,  becomes 
the  white  enveloping,  or  protective  membrane  (scUrotica), 
and,  in  front,  forms  the  transparent  honiy  membrane 
{cornea}-  Tlie  rudimenta  of  all  the  essential  parts  of  the 
eye  are  now  formed,  and  its  further  development  ia  only  in 
details,  in  the  complex  differentiation  and  combination  of 
the  several  parta 
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The  most  important  fact  in  this  TCmarkable  proceas  of 
eye-development  is  the  cii'cumstance  that  the  optic  nerve, 
the  retina,  and  the  pigment-membrane  originate  from  a 
part  of  the  brain,  from  a  protuberance  of  the  twixt-hrain, 
wliile  the  crystalline  Ions,  the  most  important  refracting 
medium,  develops  from  the  outer  skin  (^epidermis).  From 
the  outer  akin — the  homy  lamina — originates  also  the 
delicate  connecting  membrane  (conjunctiva)  which  after- 
wards envelopes  the  outer  surface  of  the  eyeball  The  tear- 
glands  proceed,  as  branched  processes,  from  the  conjunctiva 
(Fig.  214,  p.  202).  All  the  other  parts  of  the  eye  originate 
from  the  akin-fibrous  layer;  the  vitreous  body  and  the 
vascular  lens-capsule  from  the  leather-plate,  the  cfioroid 
coat  with  the  iris,  and  the  protective  membrane  {sclerotica) 
with  the  homy  membrane  (cornea)  from  the  head-plates. 

The  outer  protective  organs  for  the  eye,  the  eyelids,  are 
merely  simple  folds  of  skin,  which,  in  the  human  embryo, 
appear  in  the  third  month.  In  the  fourth  month  tlie  upper 
eyeliJ  adheres  to  the  lower,  and  the  eye  then  remains 
covered  by  them  Ull  birth.  {Plate  VIL  Fig.  M  iil.,  Jt  III., 
etc)  The  two  eyelids  usually  again  separate  shortly  before 
birth,  but  sometimes  not  till  after.  Our  skulled  ancestors 
had,  in  addition  to  these,  a  third  eyelid,  the  nictitating 
membrane,  which  was  drawn  over  the  eye  from  the  inner 
comer.  Many  Primitive  Fishes  (Selachii)  and  Amnion 
Animals  yet  retain  this.  In  Apes  and  in  Man  it  has  atrophied, 
and  only  a  small  remnant  of  it  exists  in  the  inner  corner  of 
the  eye  aa  the  "  crescont-shapud  fold,"  as  a  useless  "  rudi- 
mentary organ."  (Cf  vol.  i.  p.  109.)  Apes  and  Man  have 
also  lost  the  "  Harder  gland,"  opening  below  the  nictitating 
n>«mtrane,  which  appears  in  other  Mammals,  and  in  Birdo, 
Bcptilos,  and  Amphibiaus. 
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rai  cvocxnus  or  man. 


n*  tar  of  Vertelxstas  derelops  in  many  importa 
loili  cuBllArij  to  tlte  ejK  and  Doae,  bat  yet  m  othH 
I  TCfj  differently.^'*  The  (x^aa  of  hearing  of  ibi 
1  homsa  htiag  resembles  that  of  otbcr  Mftrnmal 
^iii  iTI  inBiiliil[Mr1ir«i1arTi.inil  is  espectaUy  similar  to  that  a 
EApea.  As  is  tbe  latter,  it  ooDsials  of  two  principal  parts,  a 
■tiqiparatoB  for  tbe  eonveyaaee  of  sound  (external  and  middli 
lev)  and  as  api^ntas  for  producing  the  sensation  of  a 
I  ^atanuJ  ear).     The  oatdr  ear  opens  in  the  car-sliell  (m 


Tia.  S44.— Anflilofj  argnn  at  man  (left  eor,  teen  from  l*tB  frtmlt  Mten*^ 
tfite)  %  a,  ear-ilieU:  b,  eilncnol  ear-caokli  e,  drum,  or  trmimiic  n 
d,caTitj  cidrum;  e,ear-tniinppti /,;,  l>,  the  three  parlwDetets  (/,h 

ivil  ;    h,  Htirrup):   i,  ear-pouch   (vtrirului) ;  t,  th«  three  aeni. 

U  J  I,  eur-sio  (locrutiu)  ;  m,  uuul  (oochln]  i  n,  saiiitviy  Don*. 

rflwrw),  situated  at  the  side  of  the  head  (Fig.  224,  a).    From  j 
this  the  outer  ear-canal,  which  is  oaunlly  about  an  inch  lon^ 
leads  to  the  inside  of  tbe  head  (b).    The  inner  end  of  thii  I 
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tube  ia  cluNetl  by  the  well-known  tympanic  meinhrano 
or  diiim  {tifmpanum) ;  a  tbin  meuibraiie  of  oval  form  (c), 
placoci  in  a  vertical  pasition,  but  eliglitly  inclined.  Tliis 
in<-(nlirano  separates  the  outer  ear-canal  from  the  so-calleit 
cavity  of  the  drum  (cavuTn  tympani).  This  is  a  email 
cavity  enclosed  in  the  petrous  part  of  the  temporal  bone, 
which  ia  filled  with  air  and  connected  byafipecial  tube  with 
the  moutli-cavity.  This  tube  is  somewhat  longer,  but  much 
oarrower  than  the  outer  ear-canal;  it  leads  inward  and 
forward  in  an  oblique  direction  from  the  inside  wall  of  tlic 
tympanum  and  opens  behind  the  inner  nostrils  (or  Choana) 
into  the  upper  part  of  the  cavity  of  the  throat  {pharynx). 
Thia  canal  is  called  the  Eustachian  tube  {taha  Eimtaddi). 
It  equalizes  the  pressure  of  the  air  in  the  tympanic 
cavity,  and  the  outer  atmospheric  air  which  enters  by 
the  ear  canal.  Both  the  Eustachian  tulte  and  the  tympanic 
cavity  art)  lined  by  a  thin,  mucous  membrane,  which 
is  a  direct  continuation  of  the  mucous  membrane  of  the 
throat.  Within  the  tympanic  cavity  are  the  three  bonelcte 
of  the  ear,  which,  from  their  clioracteristic  shape,  are  called 
the  hammer,  the  anvil,  and  the  stirrup  (Fig.  2H  /,  ij,  k). 
The  hammer  (/)  lies  furthest  outward,  just  within  the 
tympanic  membrane;  the  anvil  (f/)  is  vedged  in  between 
the  two  othei'S,  above  the  hammer,  and  further  in  than  the 
hammer;  and,  hwtly,  the  stirrup  (A)  lies  next  to  the  anvil 
toward  the  inside,  and  touches  with  its  base  the  outer  wail 
of  the  internal  ear,  or  the  auditory  sac.  All  these  parta  ut 
the  middle  and  external  ear  belong  to  the  sound-comlucting 
ftpparatua.  Their  principal  office  ia  to  convey  the  waves  o\ 
•ound  from  without  through  the  thick  side-wall  of  the  head, 
to  the  internal  ear.     In  Fislics  thene  part.^  are  entirely  unrp> 
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presented.     In  them,  the  sound-waves  are  conveyed  directly 
tlirough  the  wall  of  the  head  itself  to  the  internal  ear. 

The  loner  apparatus,  that  which  produces  the  sensation 
of  sound,  receiving  the  sound-waves  thus  conveyed  to  it, 
consists  in  Man,  aa  in  all  other  Vertebrates  (with  tlie  singia 
exception  of  the  Amphioxus),  of  a  clostsd  auditory  sac  filled 
with  fluid,  and  of  an  auditory  nerve,  the  ends  of  wbich  are 
distributed  over  the  wall  of  this  sac.  The  vibrations  of 
the  waves  of  sound  are  conveyed  by  that  medium  to  tbesa 
nerve-ends.  In  the  auditory  fluid  (endolyTnph),  which 
filb  the  labyrinth,  and  opposite  the  places  at  which  th« 
auditory  nerves  enter,  are  Bome  small  stones,  composnl 
of  a  mass  of  microscopic  calcareous  crystals  {ololUha).  Th» 
organs  of  hearing  of  most  Invertebrates  have  essentially 
the  bame  construction.  In  them,  also,  it  usually  consists  of 
a  closed  sac  filled  with  fluid,  containing  otoliths,  and  havinjf 
the  auditory  nerve  distributed  over  its  walL  But  while  in 
Invertebrates  the  auditory  vesicle  is  usually  of  a  very 
simple  spherical  or  oval  form,  in  all  Amphirhina,  on  tba 
contrary,  that  is,  in  all  Vertebrates  above  the  Fishes  up  to 
Man,  it  is  distinguished  by  a  very  characteristic  and  singular 
form  known  as  the  auditory  labyrinth.  This  thin  mcubr»~ 
nous  labyrinth  ia  enclosed  in  a  bony  envelope  of  the  8 
form,  the  osseous  labyrinth  (Fig.  2i5),  which  lies  within  tha 
petrous  bone  of  the  skulL  The  labyrinth  in  all  Amphirhiu* 
is  divided  into  two  sacs.  The  larger  sa*  is  called  tha 
auditory  pouch  (itiriciiius),  and  has  three  curved  appendagea, 
called  the  semi-circular  canals  (c,  d,  e) ;  the  smaller  sac  i 
called  the  auditory  sac  {saccuhis),  and  ia  connected  with  a 
peculiar  appesdage,  which  in  Man  and  the  higher  Marom 
is  distinguished  by  a  spiral  form,  like  the  shell  of  a  inail.  and 
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h^nce  is  called  the  "snail  "  (cocldea,  b).  On  the  thin  wall 
of  this  delicate  inembranoua  labyrinth,  the  auditory  nerve, 
■which  passes  from  the  after-brain  to  the  labyrinth,  is  dis- 
tributed in  a  very  complex  manner.  It  divides  into  two 
main  branches,  the  nerve  of  the  cochlea,  and  the  nerve  of 
vestibule,  for  the  remaining  part  of  the  labjTinth.  The 
former  seems  specially  to  determine  the  quality  of  the  sound 
heard,  the  latter  its  quantity.     The  nerve  of  the  cochlea 

no.  14S,— The  bony  lobj-rinlli  of   the  hun 
(1i:ft  liiU):   o,  vestibalo;   b,  cochin ;   i^  upper  » 
circular   OMaoli    it.   posterior    Mmi-clrcnlar   canal; 
outer  HMoi.irircaliir  aauti  ;  J,fentilra  ovalia  ; 
retnnda.     (From  Mejor.) 

tells  ua  the  pitch  and  quality  of  sounds,  the  nerve  of  the 
vestibule  their  stren^h. 

TThe  first  rudiment  of  this  extremely  complex  organ  of 
hearing  is  very  simple  in  the  human  embryo,  as  in  those 
of  all  other  Skulled  Animals  (Craniota) ;  it  is  a  groove-like 
depression  of  the  outer  skin  (epidermis).  At  the  back  of  the 
bead,  near  the  after-brain,  at  the  upper  end  of  the  second 
gill-opening,  a  little  wart-like  thickening  of  the  horn-plate 
•rises  on  each  side  (Figs.  21G,  A,  fl ;  2+8.  g).  This  deepens 
inUi  a  small  groove,  and  separates  from  the  outer-skin,  just 
u  does  the  lens  of  the  eya  (Cf.  p.  253.)  A  small  vesicle 
filled  with  fluid,  the  primitive  ear-vesicle,  is  thus  formed 
cm  each  side,  immediately  below  the  horn-plate  of  the  Itack 
part  of  tlie  head ;  this  is  also  called  the  "  primary  laby- 
rtath"  (Plates  VI.  and  VII.).  As  this  separates  from  its 
original  site,  the  hom-plate,  and  grows  inward  and  down- 
ward in  the  skuU,  it  changes  from  a  globular  to  a  pear- 
tdiapud  (onn  (Figs.  246,  B,  Iv;  2+0.  o).     The  outer  jart  hoa 
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elongated  into  a  thin  stalk,  which  at  first  opens  outward  in 
a  narrow  canal.  (Of.  Fig.  137,  /,  vol.  i.  p.  382.)  Tliia  ia  calleii 
the appondageof  the  labyrinth  (■e(>«9«s^i%ri»iMi,Fig.2-M!,/r). 


Fid.    2)6.  — Dovelfpnipnt  of  tho  oiir.Ubvrinth  of  a  Chick,  to  fiva  o 
Mcntive  iti|;eB  (.4-£)  (cnws-tiecLions  througb  [he  rDilimeaMrjr  « 
«<ir-grooye;  If,    ear-TesiclB  i    Ir,  labyrinth  Hpppiiila(|;e ;  '.  rudiiaeBt   < 
cochlea  (   csp,   hind   Bemi-i^rcDlar    canal;   cir,  outer  semi-oircnlar  < 

F[G«.  £47,  24B.~neiidof  an  etabrTomoCMck.oii  the  third  da;  of  In 
tion:   Z47  in   (ront,  ZVi  from  the  right!    n,  rndimcntarj  E 
gmoveli  I,  mdinicutar}'  eje  (ocolor  groove);  g,  rndi  meat  arj- ear  |i 
KTOove)  ■,  I',  fure-bnim  i  jt,  eye.sUti  o,  proceu  of  the  upper  jaw  j  u, 
of  the  lovor  jaw  of  (he  flret  gill-arcli.     (Aft^  EoellilreT.} 

Flo.  8*».— PrimitiTB  braiu  of  human  embiyo  rf  four  itddIc*.  la  n 
Beotio&,Bad  thoUft  half  obsrrvei]  from  within:  r,i,m,k.  ■,  tbcfl' 
the  iiknil  cavity  in  which  the  Hire  brain  blwUen  are  aitnatcd  itotr.  t 
mid,  hind,  Hiul  after  brains)  i  n.  primarr,  pear^apod  anilihir;  i 
(•h»n-iut;  Ihruu^hli  0,  eye  (nhon-inK  ihronRh);  no.  optic  nrrvv;  |i 
Uw  h^'pophfua;  t,  central  aktill-picn*.    (F^oin  EoeUilcBr.l 
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In  lower  Vertebrates,  this  develops  into  a  peculiar  cavity 
filled  with  calcareous  crystola,  which  in  some  Primitive 
Fishea  {Sdadtii)  remaina  permanently  open,  and  oi)en5' 
ftbove  CD  the  skull  (daciua  endolymphatlctis).  In  Mam- 
Dials,  on  the  contrary,  the  appendage  of  the  labyrii.th 
atrophies.  In  these,  it  is  of  interest  only  as  a  rudimentary 
organ,  which  has  no  longer  any  physiological  signilitance. 
lu  useless  remnant  traverses  the  osseous  wall  of  tlic  |>i.'trou8 
hone  in  the  form  of  a  narrow  canal,  and  is  called  tlit  aque- 
duct of  the  vestibule  (aqiuxductvs  veatibuli). 

Only  the  inner  and  lower  part  (extended  like  a  bladder) 
of  the  detached  ear-veside  develops  into  the  difTerentiated 
and  extremely  complex  structure  which  is  afterwards  known 
as  Ute  "  secondary  labyrinth."  This  vesicle  separates  at  a 
very  early  stage  into  an  upper,  larger  section,  and  a  lower, 
•roaller  section.  The  former  gives  rise  to  the  eai-pouch 
(ulrunUtu)  witli  the  three  semi -circular  canals  j  iioiii  the 
latter  proceeds  the  ear-sac  (aacculua)  with  the  "snail" 
(coc/'Ua,  Fig,  246,  c).  The  three  Bemi-circular  canals 
originate  as  simple  pocket-like  processes  from  the  ear- 
pouch  (Fig.  246,  E,  cse  and  csp).  In  the  centre  of  each  of 
tbeM  processes,  the  two  walls  coalesce,  and  separate  them- 
■elves  Srom  the  utricle,  while  their  extremities  still  commu- 
nicate with  it«  cavity.  In  all  Double-nostrils  {Aviphirhina) 
there  ore  three  semi-circular  canals,  as  in  Man,  wliile  of  the 
Cycloatomi  the  lAmpreys  have  but  two,  and  the  Myxinoides 
but  one  (p.  103).  Tlie  high ly-dev eloped  structure  of  the 
snail "  (cochlea),  which  is  one  of  the  most  delicate  and 
admirable  products  of  adaptation  in  the  mammalian  body, 
originally  develops  very  simply  as  a  bottle-hke  process 
pKita  the  ear-BOC  (mcculita).      As  Hasae  has  shown,  the 
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variouB  stages  in  itB  ootogenetic  development  atill  exntl 
pennanently  side  hy  side  in  the  ranks  of  the  lower  Teri»< 
bratea.'™  Even  in  Monotremes  the  snail-like  spiral  curving] 
of  the  cochlea  is  not  present ;  it  is  escluaivel/  charocteristit 
of  the  other  Mammals  and  Man. 

The  auditory  nerve  (nervtts  acusticus),  or   the  eight, 
brain-nerve, — one  of  the  main  branched)  of  which  distribut 
itself  over  the  " snail"  (cochlea),  the  other  over  the  ot 
parta  of  the  labyrinth, — is,  as  Gegenbaar  has  shown, 
sensory  dorsal  branch  of  a  spinal  brain-nerve,  the  moUir' 
ventral  branch  of  which  is  the  motor  nerve  of  the  facia) 
muscles  (iiervue  fadalia).      Phylogenetically  it  has,  tliere- 
fore,  ori^nated  from  an  ordinary  ekin-nerve,  and  is,  oonse- 
quently,  of   wholly  different   origin  from   the   optic  ftnJ 
olfactory  nerves,  wliich  represent  the  two  direct  proc«sMi 
of  the  brain.     In  this  respect  the  organ  of  hearing  ditfen 
essentially  fi-om  the  organs  of  sight  and  of  smell.     The 
auditory  nerve  originates  from  the  cells  of  the  bead-p1at«i 
therefore,  from    the  skin-fibrous   layer.      From   this 
develop  all  the  membranous,  cartilaginous,  and  bony  oove 
inga  of  the  ear-labyrinth. 

The  development  of  the  apparatus  for  the  co 
Round,  situated  in  the  middle  and  external  ear  of  Mami 
is  entirely  distinct  from  that  of  the  apparatus  of  audit 
sensation.  It  must  bo  regarded,  phylogenetically  as 
ontogenetically,  as  an  independent,  secondary  formatit 
which  only  afterwards  connects  itself  with  the 
internal  ear.  Its  development  is,  however,  not 
tereating,  and  is  equally  clearly  explained  by  Con 
Anatomy.  In  all  Fishes,  and  in  the  yet  lower  Vertefarat 
there  is  no  special  apparatus  for  the  conveyance  ot 
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no  external  and  middle  ear;  in  tlicso  animals  there  is  only 
a  labyrinth,  an  internal  ear,  situated  within  the  skulL  The 
tympanic  membrane,  its  cavity,  and  all  the  conne<ct«d  parts 
are  unrepresented.  The  middle  ear  first  develops  in  the 
Amphibian  class,  in  which  a  tympanic  membrane,  a  tym- 
panic cavity,  and  an  Eustachian  tube  are  first  found.  All 
these  essential  parts  of  the  middle  ear  develop  from  the  first 
gill-opening,  with  its  surrounding  parts,  which  in  the  Pri- 
mitive Fishes  {Selackii)  remains  through  life  as  an  open 
blow-hole,  situated  between  the  first  and  second  gill-arches. 
In  the  embryos  of  higher  Vertebrates  it  closes  in  the  centre, 
the  point  of  concrescence  forming  tho  tympanic  membrane. 
The  remaining  outer  part  of  the  first  gill-opening  is  tho 
rudiment  of  thu  outer  car-canal.  From  the  inner  pait 
originates  the  tympanic  cavity,  and  further  inward,  the 
Eustachian  tube.  In  connection  with  these,  the  three  bone- 
lets  of  the  ear  develop  from  the  first  two  gill-arclies ;  the 
hammer  and  anvil  from  the  first,  and  the  stirrup  from 
the  upper  end  of  the  second  gill-arch."* 

Finally,  as  regards  the  external  ear,  the  ear-shell  (oondM 
aui-is),  and  the  outer  ear-canal,  leading  from  the  shell  to  the 
tympanic  membrane — these  parts  develop  in  the  aimpiest 
way  from  the  skin-covering  which  borders  the  outer  orifice 
of  the  first  gill-opening.  At  tliis  point  the  ear-shell  rises  in 
the  form  of  a  circular  fold  of  skin,  in  which  cartilage  and 
muscles  afterwards  form  (Fig,  238,  p.  247).  Tids  organ  is 
also  limited  to  Mammals.  Among  them,  it  is  originally 
wanting  only  in  the  lowest  division,  in  the  Beaked  AnimaLs, 
(^UonotTema).  In  the  others,  on  the  contrary,  it  appears 
in  very  different  stages  of  development  and  partly  also  of 
atrophy.      The   ear-shell   has   atrophied    in    most  aijuatic 
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Mammals.     Most  of  these  have  even  lost  it  enUrcIy ;  M^ 
is  so,  for  example,  in  the  Sea-cows  and  Whales,  and  nioe 
Seals.    Oq  the  other  hand,  in  the  great  majority  of  Pouched 
Animals  (Maraupialia)  and  Placental  Animals  {Placental idO 
the  ear-shell  is  well  developed,  receives  and  concentrates  t! 
waves  of  sound,  and  is  proWdud  with  a  hJghly-developt 
muscular  apparatus,  hy  means  of  which  it  can  be  turn 
freely  to  all  sides,  and  at  the  same  time  can  be  changed  t 
form.   Every  one  must  have  noticed  how  strongly  and  fre«M 
our  domestic  Mammals,  Horses,  Cows,  Dogs,  Rabbits,  e 
can  "  prick. "  their  ears,  erect  them  and  turn  them  in  differ 
directions.    Most  Apes  yet  retain  the  power  of  doing  t 
8Jid  our  ancient  Ape  piitgenitors  could  also  do  it    The  nioi 


Fin.  250.— Kuilinicntnrj  p«r-n.uM:lqs  on   iHp  buoian  aknll: 
TDowIe  (in.  atltilUns) ;  h,  fnrwnrd  mtiicle  {m.  atlrahfiit)  -,  e,  bark-mud  n 
(m.  vfffmlwn«)i  "l,  lonter  mnscle  of  the  holit  (m.  ftfUet*  trnijir)!  r, 
mniidu  of  llie  heli»  (m.  holtfii  minor);  /,  ninsrlo  of  Ibc  tmcu*  (ifi.  I. 
7,  ii.iuiuleof  lho«ntilragiis(m.  onl>lni3.rM).      (After  R.  Meyer  J 

recent  Ape  ancestors,  common  to  Men  and  to  the  Anthroix 
Apes  (Gorilla.  Thimpanzee,  etc.),  discontinued  the  habit  | 
moving  their  ears,  and  hence  Uie  motor  muscltss  gtadw 
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beeame  rudimentary  and  useless.  We  atill,  however,  possess 
them  (Fig.  250).  A.  few  individual  men  can  even  move  tlieir 
eara  forward  or  backward  a  little  by  the  use  of  the  forward 
muscle  (^0  ^^'^  ^^^  backward  muscle  (c) ;  and  by  long 
practice  these  motions  can  be  gi-adually  increased.  On  tlie 
other  band,  no  man  is  able  to  erect  the  ear-shull  by  the 
upward  muscle  (a),  or  to  change  its  form  by  the  little  mner 
muscles  of  tho  ear  (rf,  e,  /  g).  These  muscles,  which  were 
very  useful  to  our  ancestors,  have  become  entirely  un- 
important to  ns.     This  is  equally  true  of  Anthropoid  Apes. 

We  also  share  only  with  the  higher  Anthropoid  Apes — 
the  Gorilla,  Chimpanzee,  and  Orang — the  characteristic  form 
of  our  human  ear-shell,  especially  the  rolled  edge,  the  helix, 
and  the  ear-flap.  The  lower  Apes,  like  all  other  Mammals, 
have  pointed  ears  without  the  helix,  and  without  car-flaps. 
Darwin  has,  however,  shown  that  in  some  men  a  short, 
pointt'd  process,  not  occurring  in  most  individuals,  is  per- 
ceptible at  the  upper  part  of  the  folded  rim  of  the  car.  In 
•ome  few  individuals,  this  process  is  very  well  developed. 
It  can  only  be  explained  as  the  remnant  of  the  original 
point  of  the  ear  which,  in  consequence  of  the  folding  of  the 
edge  of  the  ear,  has  been  bent  forward  and  inward, 
(Of.  the  similarly  folded  ear  in  the  embryo  of  the  Pig 
and  Cow,  Plate  Vfl.  Fig.  U  III.  and  C  in.)  On  carefully 
comparing  the  ear-shells  of  Mao  and  of  the  various  Apes  in 
this  particular,  wo  find  that  thoy  form  a  connected  series  of 
ri'trogi'd'^le  atepa.  In  the  common  catarhine  ancestors  of  tho 
Anthnipoids  and  of  Man,  this  retrogression  began  with  the 
folding  down  of  the  ear-ahell.  In  consequence  of  this,  tho 
tar-edge  was  fonned  on  which  that  signiiicant  corner 
tppeara,  the  last  trace  of  the  free  prominent  point  of  the  ear 
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in  our  older  Ape  ancestors.    Thus  it  is  possible  even  here, 
with  the  help  of  Comparative  Anatomy,  to  trace  this  human 
organ  from  the  similar  but  more  highly-developed  organ  of 
the  lower  Mammals,  with  certainty.  At  the  same  time.  Com- 
parative Physiology  shows  us  that  this  organ  is  of  more 
.ir  less  high  physiological  value  to  the  latter,  while  in 
Anthropoids  and  Man  it  is  a  useless  rudimentary  oigan. 
Men  with  their  ears  cut  off  can  hear  as  well  as  they  did 
before.    The  conveyance  of  sound  is  not  affected  by  the  loss 
of  the  ear-shelL     This  explains  the  great  diversity  in  the 
form  and  size  of  the  ear-shell  in  different  persons ;  it  shares 
this  high  d^ree  of  variability  with  other  nidimentarj 
organs/*^^ 


CHAPTER  XXII. 

DEVELOPMENT  OF  TUB  ORGANS  OF  MOTION. 

rbe  Motive  Apparatus  of  Vertebrates. — These  are  oonstitnied  bj  fche 
pEMsive  and  Active  Organs  of  Motion  (Skeleton  and  Mascles). — The 
Significance  of  the  Internal  Skeleton  of  Vertebrates. — Stractare  of  the 
Vertebral  Gulamn. — Formation  and  Nnmber  of  the  Vertebras. — The  Ribs 
and  Breast.bone. — Germ-historj  of  the  Vertebral  Colamn. — The  Noto- 
chord. — The  Primitive  Vertebral  Plates. — The  Formation  of  the  Mota- 
mora. — Cartilaginous  and  Bony  Vertebrae. — Intervertebral  Discs. — 
Hcad.skeloton  (Sknll  and  GilLarches).— Vertebral  Theory  of  the  Skall 
(Gnothe  and  Okon,  Hazley  and  Ge^enbaur). — Primitive  Skall,  or 
Primordial  Cranium. — Its  Formation  from  Nine  or  Ten  Coalescent 
Metamera. — ^The  Gill-arches  (Bibs  of  the  Head). — Bones  of  the  Two 
Pkiirs  of  Limbs. — Development  of  the  Five-toed  Foot,  adapted  for 
Walking,  from  the  Many-toed  Fin  of  the  Fish. — The  Primitive  Fin 
of  the  Selachians  (Archipterygium  of  Gegenbaar). — Transition  of  the 
Pinnate  into  the  Semi-pinnate  Fin. — Atrophy  of  the  Bays  or  Toes 
of  the  Fins. — Many-fingered  and  Fivc-fingored  Vertebrates. — Com- 
pnrison  of  the  Anterior  Limbs  (Pectoral  Fins)  and  the  Posterior  Limbs 
(Ventral  Fins). — Shoulder  Girdio  and  Pelvis  Girdle. — Gcnn-history  of 
the  Limbs. — Development  of  tho  Muscles. 

^  In  forming  his  estimate  of  my  entire  theory,  tho  reader  may  begin  with 
be  details  and  examine  tho  fuudameutal  facts  on  which  I  base  my  oon- 
lasions.  But  it  is  equally  necessary  to  couuect  the  detached  facts,  and 
itimate  their  bearing  on  the  wholo.  lie  who  in  the  world  of  organisms  sees 
nlj  disconnected  existences,  in  which  some  ox^^nio  similarities  appear  as 
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•ocidcntal  coiDcideiioea.  will  mniiiD  k  (irsii^ar  to  tba  rrmlU  nf  tKh 
inn-RtigatiOD  ;  Oct  merely  beoaOHi  ho  dos*  not  Oomprabcnd  Uie  coDrik 
*i(iBi,  bat  principally  became  the  sigDificaiioa  of  the  fscts  oa  wbJcb  Uir; 
are  Kroimded,  escapes  him.  A  fact  in  itieU  U  do  more  a  aoiestiSo  i 
than  a  mere  collectioa  of  facta  ia  %  acieiice.  That  wbioh  nuikei  a  ■< 
of  tbete  facts,  ii  their  oambiDation  by  that  organiiiag  mental  tamlty  wbid 
'IrtvmuDes  (he  reUtions  vf  the  facta  to  «ach  other." — KAkL  GcoCVaaMl 
H878). 

Amonq  those  featares  of  the  urgaoizatiuii  which  are  specially 
characteiistic  of  the  vertebrate  tribe  as  sucli.  the  Deculiar 
arrangement  of  tlje  motive  apparatus,  or  "  locomotorinm, 
undoubtedly  occupies  a  principal  place.  As  in  aJl  tha 
higher  animals,  the  active  organs  of  motion,  the  musclu^ 
form  Uic  most  important  part  of  this  apparatus ;  these  are 
the  fleshy  bands  which,  by  means  of  their  peculiar  coatrao- 
tibility.  of  their  power  of  contracting  and  shortening,  i 
the  various  parts  of  the  body,  and  thus  change  the  position 
uf  the  entire  body.  The  arrangement  of  tbe^  muscles  i^ 
however,  entirely  peculiar  in  Vertebrates,  and  diflers  from' 
the  arraii<>ement  common  to  all  Invertebrates. 

In  most  lower  animals,  especially  in  Wonos,  w»  fiudl 
that  the  muscles  form  a  simple,  thin  flesh-layer  immediately 
below  the  outer  skin-covering.  This  "  skia-muacle  pouch 
is  most  intimately  connected  with  tlie  skin  itself,  and  tbs 
same  feature  occurs  in  the  tribe  of  the  Soft-bodied  Animal* 
(AfuUiLsca).  In  the  great  group  of  the  Articulated  Animalir 
'Arlhropoda),  in  the  Crab,  Spider,  Centipede,  and  losed 
cla-Hses,  we  also  And  a  similar  feature,  but  with  the  dilTerenoa 
that  in  these  the  skin-covering  forms  a  hard  coat  of  moil; 
an  inflexible  skin-ekeluton,  formed  of  chitine,  and  often  of 
carlxinated  chalk.  This  outer  chitinuus  coat  of  mail  !• 
Jointed  in  a  great  variety  of  ways  both  on  the  trunk  and 
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va  Uie  limbs  of  Articulated  Animals,  and  tlio  muaciilar 
Bystem,  the  contractile  fleshy  bands  of  which  are  attached 
to  tbe  inside  of  the  chittnoua  tubes,  is  correspondingly 
jointed  in  an  extremely  varied  manner.  The  case  ia  exactly 
rever«"d  in  Vertebrates.  In  these  alone  an  internal  Iiard 
■kcleton  develops;  an  inner  cartilaginous  or  bony  fiame 
to  which  the  fleshy  muscles  are  externally  attached,  and  in 
which  they  find  a  firm  support.  This  bony  fjame  forms  a 
combined  lever-apparatus,  a  passive  apparatus  of  motion. 
Tbe  bard  parts  of  this,  the  arms  of  the  lever,  or  the 
bones,  are  moored  against  each  other  by  the  active  movable 
mnscular  bands,  as  by  hawsers.  This  admirable  locomotive 
apjvaratus,  and  especially  its  firm  central  axis,  the  vertebra! 
column,  is  quite  peculiar  to  Vertebrates,  on  account  of  which 
the  whole  group  has  long  been  called  that  of  Vertebrates. 

This  internal  skeleton,  notwithstanding  the  similarity  of 
its  first  rudiment,  has,  however,  developed  so  variously  and 
characteristically  in  the  different  vertebrate  cla-ssos,  and  in 
the  higher  clas.<ic3  forms  so  complex  an  apparatus,  that 
Comparative  Anatomy  finds  one  of  its  richest  mines  in  this 
feature.  This  was  recognized  as  long  ago  as  the  beginning 
of  the  century  by  the  older  Natural  Science,  which  at  once 
solzed  these  very  welcome  materials  with  peculiar  pleasure. 
That  science  also,  which  is  now  called  in  the  higljer  and 
more  philosophical  sense,  "  Compai-ativa  Anatomy,"  has 
reaped  its  richest  harvest  from  Lliis  field.  The  Oomiiarative 
Anatony  of  tbe  present  day  has  studied  the  skeleton  of 
Vortebrat«s  more  thoroughly,  and  revealed  the  laws  of  its 
formation  more  Bueci?ssfully,  than  baa  been  the  case  with 
any  otiier  system  of  organs  of  the  animal  body.  Here  the 
well-known    and    oft-q^uotud    passage,    in    which    Gnetlie 
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summed  up  the  general  result  of  hia  investigations  in  1 
phology  13  especially  appropriate : 

ae  U  the  Mne  m  uuAha, 
«  »  mjretic»l  law."  * 

Now  that,  by  the  Theory  of  Descent,  we  have  discovered 
this  "  mystical  law,"  have  solved  this  "sacred  enigma,"  now 
that  we  can  esplain  the  similarity  of  forms  by  Heredity, 
and  their  dissimilarity  by  Adaptation,  we  can  find  i 
weapon  in  the  whole  rich  ai-senal  of  Comparative  Anatomy 
which  defends  the  truth  of  the  Theory  of  Descent  motf 
powerfully  than  the  comparison  of  the  internal  skeletoM 
of  the  various  Vertebrates.  We  may,  therefore,  expect 
d  priori  that  such  comparison  is  of  special  importance  il 
our  History  of  the  Evolution  of  Jhlan.  The  inner  vertebrate 
skeleton  is  one  of  those  organs  as  to  the  Phylogeny  ( 
which  Comparative  Anatomy  aflbrds  ua  conclusions  f*i 
more  imiiortant  and  deeper  than  those  to  be  gained  from 
its  Ontogeny.'™ 

More  than  any  other  s^'stcm  of  organs,  the  intenuil 
skeleton  of  Vertebrates,  when  studied  comparatively,  clcaiiy 
and  immediately  impresses  the  observer  with  the  nwem'^ 
of  the  phylogenctlc  connection  between  Uiese  allied  and  ycd 
very  varied  forms.  A  tlioughtful  comparison  of  the  boaf 
frame  of  Slan  with  that  of  other  Mammab,  and  of  ttiet 
Again  with  that  of  lower  Vertebrates,  is  alone  sufficient  ta 
afford  conviction  of  the  true  tribal  relationship  of  all 
\'ertebrates.  All  the  separate  parts  of  which  this  bony 
frame  is  composed  appear  in  other  Mammals,  in  a  gn^ 
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mriety  of  forma  indeed,  but  yet  in  the  same  characteristic 
arrangement  and  relative  position ;  and  if  the  comparison 
uf  the  anatomical  conditions  of  the  skeleton  is  carried  out 
below  Mammals,  we  can  prove  that  a  direct  and  uninter- 
rupted connection  exists  throughout  between  these  various 
forms  which  are  apparently  so  utterly  unlike,  and  can 
&naUy  be  traced  from  a  most  simple,  common,  fuudamenta! 
fonn.  These  facta  alone  must  fully  convince  every  ad- 
herent of  tlie  Theory  of  Development  that  all  Vertebrates. 
including  Man,  must  be  traced  from  a  single  common 
parent-form,  Jiom  a  Primitive  Vertebrate ;  for  the  mor- 
phological features  of  the  inner  skeleton,  and  of  the  mus- 
eular  system  which  stands  in  the  closest  corrulative  rela- 
tions to  it,  are  of  such  a  kind  that  it  is  quit*  impossible 
to  conceive  a  polyphylctic  origin,  a  descent  from  several 
diflerent  root-forms-  It  is  impossible,  on  mature  reflection, 
to  accept  tlie  theory  that  the  vertebral  column  with  its 
various  appendages,  or  the  skeleton  of  the  limbs  with  their 
variously  dilferentiated  parta,  could  have  originated  on 
•everal  occasions  during  tlie  course  of  tlio  earth's  history. 
tnd  that,  consequently,  the  vaiious  Vertebrates  must  be 
referred  in  various  lines  of  descent  from  Invertebrates. 
Indeed, it  is  exactly  in  tliis  point  that  Comparative  Anatomy 
•nd  Ontogeny  irresistibly  di-ive  us  to  the  monophyletic 
conclusion,  that  the  human  race  is  a  very  recent  oSshoot 
of  the  same  great  single  trunk,  from  brandies  of  which  all 
other  Vertchratos  have  ulao  sprung. 

In  order  to  obtain  a  view  of  the  outlines  of  the  develop- 
ment of  tlie  human  skeleton,  ne  must  first  take  a  general 
•urvey  of  its  arrangement  in  the  developed  Man.  (Cf. 
Table  XXXIV.^and  t'ig.  251,  the  human  skeleton  from  tbv 
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light  siilo  fwitliont  amiB);  Fig.  252,  ll.r 
entire  skeletou  froiu  the  fronL)  In  Man, 
as  in  all  other  Mammals,  the  skeleton  ia 
primarily  distiDguitihable  into  Uio  axial 
skeleton,  or  spine,  and  the  skeleton  uf  Uie 
appendages,  or  the  bony  frame  of  tho  liDila 
The  spine  consists  of  the  verteTiral  culutun 
and  of  the  skull ;  tlio  latter  K-ing  the  pecu- 
liarly modified  anterior  part  of  the  fonncr. 
The  ribs  are  the  appendages  of  tbe  vertebral 
column;  the  tongue-bone  {oa  lingiue).  lb* 
lower  jaw,  and  the  other  products  of  tha 
gill-archoa,  are  those  of  the  slcuU.  Tb« 
skeletons  of  tho  two  pairs  of  limbs,  or  ex- 
tremitii;s,  are  composed  of  two  difTcrenfr 
parts :  of  the  bony  fmnie  of  the  actual,  pro 
minent  extremitiefl,  and  of  the  inner  girdle 
skeleton,  by  which  the  limbs  are  attacbcJ 
to  the  vertebral  column,  The  girdle  skele- 
ton of  the  arms  (or  fore  limbs)  is  tlia 
shoulder  girdle;  the  girdle  skeleton  of  tlie 
li-gs  (or  the  hind  liuibe)  is  the  pi-lvia 
girdle. 

The  bony  vertebral  column  in  human 
beings  {tdumna  vertebm/i^,  or  vniebra- 
rium.  Fig.  2.53)  is  composed  of  tlurty-threv  _ 
or  thirty-four  circular  pieces  of  bone,  whidiS 
lie  one  behind  the  other  (onv  at>uve  tlwfl 
other  in  tlie  usual  upright  poHltion  i^l 
man).  These  bonea  (tvrtfhne)  are  nefO'l 
rated   from  each  other  by*  vlaittic  cushiuo^  f 
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tLo  intervertebral  discs  (ligamenta  intervertebral ia),  and 
at  the  same  time,  are  connected  by  joints,  so  that  the 
entire  vertebi-al  column  forms  a  firm  and  solid  axis,  which 
is,  however,  flexible  and  elastic,  capable  of  moving  freely 
in  all  directions.  In  the  various  regions  of  the  trunk, 
the  vertebrsB  difler  in  form  and  connection,  so  that  the 
following  are  distinguished  in  the  human  vertebral  column, 
banning  from  above :  seven  neck- vertebrae,  twelve  breast- 
vertebrae,  five  lumbar-vertebrae,  five  cross-vertebrae,  and 
four  to  five  tail-vertebrae.    The  uppermost,  those  directly  in 


Fro.  254. — Third  nock- vertebra  of  man. 
Fio.  255. — Sixth  breast. vertebra  of  man. 
Fi«,  256. — Second  lumbar-vertebra  of  man. 


contact  with  the  skull,  are  the  neck-vertebrae  (Fig.  254), 
and  are  distinguished  by  a  hole  found  in  each  of  the 
two  lateral  processes  There  are  seven  neck-vertebrae  in 
Man,  as  in  nearly  all  other  Mammals,  whether  tlie  neck 
is  long,  as  in  the  Camel  and  the  Giraffe,  or  sliort,  as  in  the 
Mole  and  the  Hedgehog.  The  fact  that  the  number  of  these 
neck- vertebrae  is  always  seven, — and  there  are  but  few 
exceptions  (explicable  by  adaptation), — is  a  strong  argu- 
ment for  the  common  descent  of  all  Mammals ;  it  can  only 
be  accounted  for  as  a  strict  tiansmission  from  a  common 
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parent-form,  from  some  Proraammal  which  bad  aevcn  i 
vertebna  If  each  animal  species  had  been  a  distinct 
Uon,  it  would  have  been  far  more  to  the  purpose  ta  hava 
fumiahed  the  long-necked  Mammalia  with  a  larser,  and  tin 
short-necked  with  a  smaller  number  of  ncck-vcrtebre.  The 
neck-vertebne  are  immeiliatelyfollowedby  thoseorthobrqut 
or  thorax,  which,  in  Man  and  most  other  Mammals,  numblff 
twelve  or  thirteen  (usually  twelve).  Attached  to  the  aidm 
of  each  breast-vertebra  (Fig.  253)  is  a  pair  of  ribs — loif 
curved  processes  of  bone  lying  in  and  auppoi'ting  tlie  wall  of  1 
the  thorax.  The  twelve  pairs  of  ribs,  with  the  connecting 
intercostal  muscles  and  the  breaat-bone  (sternum)  coiistitut« 
the  breast  body  {thorax,  Fig.  252,  p.  279).  In  this  elastic 
and  yet  firm  thorax  lie  the  double  lung,  and  between  the 
two  halves  of  this,  the  heart.  The  chcst-vertebrse  are 
followed  by  a  short  but  massive  section  of  the  vertebral 
column,  formed  by  five  large  vertebna  These  are  the 
lumbar-vertebrae  (Fig.  256),  which  bear  no  riU  and  have 
no  peiforations  in  their  lateral  processes.  Next  comes  the 
cross-bone  {aacrum),  which  is  inserted  between  the  two 
halves  of  the  pelvic  girdle.  This  cross-bone  consists  of  6« 
fixed  and  amalgamated  cross-vertebne.  Last  comes  a  sroall 
rudimentary  tad-vertebral  column,  the  rump-bone  (co<x>/x). 
This  bone  consists  of  a  varying  number  (usually  four,  more 
rarely  three  or  five)  of  small  aborted  vcrtebne;  it  it  i 
useless  rudimentary  organ,  retaining  no  physiological  «ij- 
nificance  either  in  Man  or  in  the  Tail-less  Apes  or  Anthro- 
poids. (Cf.  Figa  204-203.)  Morphologically  it  is,  howew. 
very  interesting,  as  affording  incontrovertible  evidcnoo  of 
the  descent  of  Man  and  of  Anthropoids  from  Long-tail«l 
Apes.      For   this    assumption    afiords    the    otdy   posaiUr 
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plftnation  of  iliia  rudimentary  tail.  In  the  human 
ibryo,  indeed,  during  the  earlier  stages  of  gorm-history, 
the  tail  projecta  considerably.  (Cf.  Plate  VIL  Fig.  Jlf  n,, 
md  Figs.  123,  «,  12*,  s,  vol  L  p.  370.)  It  afterwards  becomes 
adherent,  and  is  no  longer  ej:ternally  visiL>Ie.  Yet  traccti 
of  the  aborted  tail-vortebne,  aa  well  as  of  tlie  rudimentary 
inuaclcs,  which  formerly  moved  them,  persist  throughout  life. 
According  to  the  earlier  anatomists  the  tail  in  the  female 
liuman  being  has  one  vertebra  more  than  that  of  the  male 
(four  in  the  latter,  five  in  the  former).^" 


Muu  tF.(t.  2U8)   
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The  namber  of  vertebrse  in  the  human  vertebral  column 
is  usually  thirty-three  in  all;  but  it  is  an  interesting  fact 
that  this  number  frequently  varies,  one  or  another  vertebra 
fuUing,  or  a  new,  Bupemumorary  vertebra  inserting  itself, 
Not  unffpniiently,  also,  a  rib,  capable  of  free  motion,  forms 
vn  Uie  last  neck-vertebra  or  on  the  first  lumbar- vertebra,  so 
that  ihufi  there  are  thirteen  breast,  and  six  tmck,  or  four 
lumbar  vertebna  In  this  way  contiguous  vertebmj  in  the 
diB<!T«nt  ttections  of  the  veitebral  column  may  roplace  each 
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other.  On  the  other  hand,  the  above  comparison  of  thil 
number  of  vertebrae  in  different  tail- less  and  tailud  Catartitm 
ehows  considerable  fluctuations  in  these  numbers  even  i 
this  one  family. '^^ 

To  understand  the  history  of  the  development  of  ti 
human  vertebral  column,  we  must  now  study  the  form  an 
combination  of  the  vertehne  in  aomewhat  greater  detail 
The  main  outline  of  each  vertebra  is  that  of  a  signet  r 
(FigB,  254-256).  The  thicker  part,  which  faces  the  ventn 
side,  is  called  the  body  of  the  vertebra,  and  it  fonna  &  sh« 
disc  of  bone ;  the  thinner  forms  a  semi-circular  arch — tli 
vertebral  arch,  which  is  turned  toward  the  dorsal  side  of  tl) 
body.  The  arches  of  all  the  consecutive  vertebne  are  ao  0 
nected  by  thin  ligaments  (ligamenla  ivtcrcruratm)  th»i  ti 
space  enclosed  by  them  all  in  common  forms  a  long  c 
In  this  spinal,  vertebral  canal  lies,  as  we  have  seen,  the  him 
portion  of  the  central  nervous  system,  the  spinal  marrow, 
The  front  part  of  this,  the  brain,  is  enclosed  in  the  skuD 
cavity,  and  hence  the  skull  itself  is  merely  the  anterioi 
section  of  tlie  vertebral  column,  modified  in  a  peculiar  way: 
The  base  or  ventral  side  of  the  bladder-shaped  bram-capsu) 
was  originally  formed  by  a  number  of  coalcscent  vertebi 
bodies,  the  amalgamated  upper  vertebral  archea  of  vhid 
formed  the  arched  or  ventral  side  of  the  skull. 

While  the  firm,  massive  vertebral  bodies  constitute  ih 
true  central  axis  of  the  skeleton,  the  dorsal  arclies  servo  t 
enclose  and  protect  the  central  marrow.  Analogous  arthi 
also  develop  on  the  ventral  side  as  a  protection  foi  tl 
thoracic  and  abdominal  viscera.  These  inferior  or  veiitit 
vertebral  arches,  proceeding  from  the  ventral  side  of  I 
vertebral  bodies,  form  a  canal  in  many  low  Vertebrates  u 
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which  are  enclosed  the  large  blood-vessels  on  the  iindoT 
surface  of  the  vertebral  column — the  aorta  and  the  tail  vein. 
In  higher  Vertebrates  most  of  these  inferior  vertebral  arches 
are  lost  or  become  merely  rudimentary.  But  in  the  breast 
sectjan  of  the  vertebral  column  they  develop  into  strong, 
independent  bony  arches,  the  ribs  (costm).  The  ribs  are,  in 
fact,  merely  large  vertebral  arches  which  have  become 
independent,  and  have  broken  their  original  connection 
with  the  vertebral  bodies.  The  gill  arches,  of  which  we 
have  spoken  so  often,  are  of  similar  origin ;  they  are  actual 
head-ribs  in  the  strictest  sense — processes  wbicli  have 
actually  originated  from  the  lower  arches  of  the  skull- 
vertebrae,  and  which  correspond  with  the  ribs.  Even  the 
mode  of  connection  of  the  right  and  left  halves  of  the  arches 
on  the  ventral  side  is  the  sam«  in  both  instances.  The 
chest  is  closed  in  front  by  the  intervention,  between  the 
upper  ribs,  of  the  breast-bone  {aiemum) — a  single  bone 
originating  from  two  corresponding  siJe-halvcs.  The  gill- 
body  13  also  closed  in  front  by  the  intervention  of  a  single 
piece  of  bone — the  copiUa  liTigualia. 

In  now  turning  from  this  anatomical  examination  of  the 
constitution  of  the  vertebral  column  to  the  question  of  its 
development,  I  may,  as  regards  the  first  and  most  important 
r<.-ature8  in  the  evolution,  refer  the  reader  to  the  explanation 
already  given  of  the  germ-history  of  the  vertebral  column 
(Chap.  XIL,  vol.  L  pp.  369-37S).  In  the  first  place,  it  is  ne- 
cessary to  recollect  the  important  fact  that  in  Man,  as  in  all 
othvr  Vertebrates,  a  simple,  unarticulated  cartilngiiioua  rod 
at  first  occupies  the  place  of  the  articulated  vertebral  column. 
This  firm  but  flexible  and  elastic  cartilaginous  rod  is  tliu 
well-known  notochord  (chorJa  doraalis).    In  the  lowest  Ver- 
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tebrate,  the  Ampbioxus,  this  persists  througliout  life  iii  tWi 
very  simple  form,  and  permaneiitly  coDstitutes  the  wliol* 
internal  skeleton  {Fig,  151,  i,voL  i.  p.  420 ;  Plat«  XI.  Fig.  15). 
But  even  in  the  Mantle  Animals  (Tunicata),  the  nearest 
invertebrate  allies  of  Vertebrata,  we  find  this  same  noto- 
chord;  transitorily  in  the  transient  larval  tail  of  Aficidia 
(Plate  X.  Fig.  5,  cA) ;  permanently  in  the  Appendicularia 
(Fig.  162).  The  Mantle  Animals,  as  well  as  the  Acraaia, 
have  undoubtedly  inherited  the  notochord  from  a  commoo 
worm-like  parent-foiin,  and  these  primieval  worm  ancegton 
are  the  Chorda  Animals  {Chordonia,  p.  91). 

Long  before  any  trace  of  a  skull,  limbs,  etc,  appears  in  tJ 
human  embryo  or  in  that  of  any  of  the  higher  Vertebrates-* 
in  that  early  stage  when  the  whole  body  is  represented  only 
.3     by  the  lyre-shaped  germ-disc  —in  the  * 
tral  line  of  this  latter,  directly  under  tl» 
primitive  groove  or  medullary   furrow.  ajK 
pears  the  simple  chorda  dorsalis.    {Cf.  Figs. 
84-87,   vol  L  pp.  297,  298,  surface  view- 
Figs.  6G-70,  89-03,  transverse  section ; 
Plates  IV,  \.,ch.)    As  a  cylindrical  cliord  H 
'  tiaverses  the  longitudinal  axis  of  the  bodj 
and  ia  equally  pointed  at  both  ends.    Ill 
cells  which  compose  the  chord  (Fig,  257, 1 
Pio.  SS7.— P»T-    come,  in  common  with  all  the  other  cells  ^ 
tio..  of  noiuoliord    ^^^^  skeleton,  from  the  skin-fibrous   layi 

{cUotila  doriol't)  uf  ...  .,  .1 

V,  embrjo  sheep :  They  most  resemble  certain  cartuage  cell 
»,  BhoMh  i  h,  cclU.  ^  anecial  "  chordal  tissue  "  is  on.eo  said  I 
exist;  but  this  must  not  be  regarded  I 
more  than  a  special  form  of  cartilaginous  ttssuo.  At  i 
early  period  the  notochord  envelopes  itself  in  a  structureUl 
sheath  (o)  an  clear  as  ^lass,  which  is  secreted  by  its  cells. 
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Thia  perfectly  fiimple,  ioarticulate,  primary  axial 
skeleton  ia  soon  replaced  by  an  articulated,  secondary 
axial  skeleton,  called  the  "  vertebral  column."  On  each  aide 
of  the  notochord  the  primitive  vertebral  bands  or  primitive 
vertebral  plates  (vol.  i.  p.  300,  Fig,  92,  uw)  differentiate  from 
the  inner  portion  of  the  skin-fibrous  layer.  The  inner  pai-t 
of  these  primitive  vertebral  bands,  vfhich  immediately  sur- 
rounds the  notochord,  is  the  skeleton-plate,  or  skeleton 
Btratum  (i.e.,  the  cell-layer  forming  the  skeleton),  which 
furnishes  the  tissue  for  the  rudiments  of  the  permanent 
vertebral  column  and  of  the  skulL  In  the  anterior  half 
of  the  body  the  primitive  vertebral  plate  remains  a  simple, 
continaous,  unbroken  layer  of  tissue,  and  soon  expands  into 
a  thin-walled  vesicle,  which  surrounds  the  brain ;  this  is  the 
primordial  skull  In  the  posterior  half,  on  the  contraty, 
the  primitive  vertebral  plate  breaks  up  into  a  number  of 
homologous  cube-shaped  pieces,  lying  one  behind  the  other , 
these  are  the  seveial  primitive  vertebrie.  The  number 
of  these  is  at  first  very  smalt,  but  soon  increases,  as  the 
germ  grows  in  the  posterior  direction  (Figs.  258-2C0,  uw). 
The  first  and  earliest  primitive  vertebrie  are  the  foremost 
Oeck-vcrtelme ;  Uie  posterior  neck-vertt-bra;  then  originate ; 
then  the  anterior  breast-vertebne,  etc:  The  lowest  of  the 
tail- vertebrie  arise  last.  This  successive  ontogenetic  growth 
of  the  vertebral  column  in  a  direction  from  frant  to  rear 
may  bo  explained  phylcgcnetically  by  regarding  the  many- 
metnbered  vertebrate  body  as  a  secondary  product,  which 
baa  originated  from  an  originally  iiinrticulate  parcnt-forin 
by  progressive  metameric  development,  or  articulation. 
Just  as  the  many-membered  Wonits  (Eurth-wonm.  Leech) 
and  thi;  closely  allied  Arthropods  (Crabs,  Insects)  originally 
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Fios.  S.'iS-SRU.  — Lfiv.ahaiW^rni^MeMof  a  Ctik*.  fn  three  ocmw^ot 
■tngea  of  ilnn^liipoiciit  •,  aeeu  trum  Iho  iliirmtl  BidAi  «nl»rir*Ml  alHiot 
liines.    Fig.  258,  with  aii  p«ir»  of  primiliro  rprinbnR.    TTin  brain  i 
pte  biadrjar  (hb),     Tho  Rpinnl  furrow  ittmi  •  mniutKi  wide  opnn ;  bn 
>,  il  ia  much  onlttrgnl.   mii.  Mikrrair-plnTm :  •/>,  «)i1a-plM«a  i   y,  Ii 
twMPD  tho  phttrynx  mvily  («h)  nnil  iho  benil-inlMtine  (I'll) .      Fi)t-  £ 
ten   paini  of    priniitWe   tMlvlirns    The  brnin   bM  w)|airat)!il    itita   I 
blwldeni:    ",  fiu«'l)nliii ;    m,  mid  .lira!  n  ;  h,  hioil-tinini  r,  bmrt  i 
veins.     Tba   opiiuil  fiirntvr   is  itill   wide  i^ii   (i).      mji.   Bluiiiw.|iUld 
Fig.  260,  with  uxleen  pairs  of  primitite  rorlebrw.    Thv  brun  tm»  wpa 
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Into  Bra  bladders:  v,  fore-bmin;  w,  twiit.brain;  nt,  mid.lii-nmi  h,  hind- 
bniu;  ■,  kltcr-brain ;  a,  oje-voaiclei ;  g,  ear-rencles;  c,  heiui.  i  dv,  j«Ik. 
*aiiMj  mji,  nwrrow-plntQ  I  uu>,  primitive  TCiiebra. 

developed  from  an  inarticulate  worm-form  by  tennina! 
budding,  so  the  niany-memiiered  vertebrate  body  has 
originated  from  an  inarticiilate  porent-furm.  The  nearest 
extant  allies  of  this  parent-form  are  the  Appendicularia 
{Fig.  162)  and  the  Ascidian  (Plate  XI.  Fig.  14> 

As  has  been  repeatedly  pointed  out,  this  primitive 
veitebral,  or  metameric  structure  has  a  very  important 
bearing  on  the  higher  morphological  and  physiological  de- 
velopment of  Vertebrates.  (Cf  voL  L  p.  34G,)  For  the  aiticu- 
lation  is  by  no  means  confined  to  the  vertebral  column,  but 
equally  atfects  the  muscular,  nc-rvous,  vascular,  and  other 
ay&tems.  As  is  shown  by  tlie  Ampliio.'cus,  the  metameric 
structure  apjteared  much  eailier  in  the  muscular  than  in 
the  skeleton  system.  Each  so-called  primitive  vertebra  is 
in  fact  far  more  than  the  mere  mdiment  of  a  future  verte- 
bra. In  each  primitive  vertebra  exists  the  rudiment  of  a 
segment  of  the  dorsal  muscles,  of  a  pair  of  sjiinal  nerve- 
roots,  etc  Only  the  inner  portion — that  which  lies  directly 
next  to  the  notochord  and  the  medullary  tube — is  employed, 
as  the  skek'ton-plate,  in  tlie  formation  of  actual  vertebrie. 
Wc  have  already  seen  how  these  true  vertebrse  develop  from 
the  skeleton-plate  of  the  primitive  vertebra  or  metamera. 
ITi-g  right  and  left  lati-ral  halves  of  each  primitive  vertebra, 
originally  separate,  unite.  The  ventral  edges,  meeting  below 
the  medullary  tube,  stirniuntl  the  chord  and  thus  form  the 
rudiments  of  the  vertebral  bodies  ;  the  dorsal  edges,  meeting 
above  the  medullary  tube,  form  the  first  rudiments  of  the 
vertebnJ  an-hes.    (Of  Figs.  9.1-08,  and  Plate  IV.  Figs  8-8.) 
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In  all  Skiillod  Animals  (Ci-aniota),  most  of  iho  b 
undifferentiated  cells  which  originally  conslituta 
B k elc to n> plate,  afterwards  change  into  corUlage  cciUa,  whid 
pr  K-^  secrete  a  firm,  elastie  "intercellular  sub 
r%  stance,"  and  thua  produce  cartilaginoi 
(issue.  Like  most  other  parts  of  I 
skelL-tor,  the  rudimentary  vertebntt  ao 
jioss  into  a  cartilaginuua  condition,  ai 
in  tlie  liigher  Vertebrates,  the  cartitft 
ginous  tissue  is  afterwards  replaced  b 
the  rigid  bony  tissue  with  its  poculit 
radiate  bone-cells  (Fig.  5,  vol.  L  p.  12ff 
The oiiginal axis  of  the  vertebral  coluinl 
the  notochord,  ia  more  or  less  compre 
by  the  cartilaginous  tissue  which  grow 
vigorously  round  it  In  lower  Vert 
brates  {i.e.,  in  Primitive  Fishea)  a  tnoi 
or  less  considerable  portion  of  the  n 
chord  remains  within  the  voriebn 
hodioa  In  Mammals,  on  the  contrary,  it  disappears  a 
entii-ely.  In  the  human  embryo,  even  at  the  end  of  tl 
second  month,  the  notochord  ia  &een  only  as  a  thin  1 
which  passes  through  the  axis  of  the  thick  eartilaginooa  v 
tchral  column  (Fig.  2Cl,  ch).  In  tlie  cartilaginous  Tert«bn 
bodies  themselves,  which  afterwards  ossify,  the  tbiu  remni 
of  the  notochord  (Fig.  202,  di)  soon  disappears  entirely. 
renmant  remains,  however,  tlironghout  life  in  tbe  ( 
"intervertebral  discs"  which  develop,  from  the  skek-U 
plate,  between  each  pair  of  vertebral  bodies  (Fig.  261,  I^ 
In  a  new-liorn  cliild,  a  large,  pear-shaped  cavity,  filled  i 
a  gelatinous  cell-mass,  is  visible  in  each  inlervurt4}bnd  4 


nn  2G1— Tliieo 
breiut-Tertelino  of  n 
humoD  flmbryuof  ei},  lit 
vreoks,  m  laceml  lua- 
gitiidmol  ■ccCion  i, 
ourtilo^noua  v  eriebral 
botliei;  li,  intuTTerte- 
brul  dltCB  ;  ch,  notfl- 
ehari,  (After  Ktxjl. 
liker.) 
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(Fig.  2C3.  a).  This  " gelatiDous  nucleiia"  of  the  clastic  ver- 
tebral disc  becomes  less  sharply  defined,  but  ppraists 
thrviighout  life  in  all  MuuiiiiaJs,  wliilo  in  Birds  and  Roii- 
^es,   even   the   last  jeranant  uf  the   iiutochurd   vanishes. 


Fl".  M?— A  InrnBl-rertPhraot  the  Bnmc  emlin  i.  .!, 
fv,  owtilftKiniiiiB  lerlebral  bodiee  i  ch,  notochrmh  J'^'.  ti|iiiir"  pnii^pua; 
B,  Tertshml  nrcli  (upi"--)  >  c  ain»r  i!riil  of  rib  {\iiwvi  woli).  (After 
KoelUkPr.) 

Fio.    263.— InlerTCrtelirel    disc    of    ncw.born    child    io   crose-KOctiun : 
a,  icmiiaiit  or  the  notochord.     (After  Koulllkc^r,} 

When  the  cartilapnous  vertchra?  afterwanls  ossify,  tho  firHt 
di-[M<t<it  of  bone-suljstanco  (the  first  "  Imne-iiueleus '")  in 
the  vcrtfbrftl  bodii-a  ia  formed  inimediat<;ly  round  the  rem- 
nant of  the  notochord,  and  Boon  completely  di8])laces  the 
lAtt«r.  A  special  bone  kernel  or  nucleus  is  then  fonnpd  jii 
each  lialf  of  the  cartiliiginoiia  vertebral  arch.  It  is  not  till 
ai^r  birth  liiat  the  OMslficntioii  prugressea  so  far  that  the 
three  Iione-Duclei  approaeh  twch  other,  The  two  bony 
halves  of  the  arch  unit*  during  the  first  year,  but  it  i*  not 
till  much  later,  till  between  the  eighth  and  the  twelfth 
year,  that  they  unite  with  the  bony  vertebral  body. 

The  bony  akuU  (cranium),  which  niiiat  lie  r^arded  as 
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the  foremost,  peculiarly  moJified  section  of  the  v©rt*biil 
column,  develops  in  an  exactly  slinilar  manner.  Just  u, 
in  the  spiaaJ  coIuidu,  the  vertebral  canal  envelopes  and  pro- 
lectb  the  diJi-sal  marrow,  so  the  skull  forms  a  bony  covering 
lound  tlic  brain;  and,  as  the  brain  is  merely  the  anterior, 
peculiarly  differentiated  portion  of  the  dorsal  marrow,  vr«' 
might  conclude  on  ^priori  grounds,  that  the  bony  envelop*' 
of  tliQ  brain  is  a  peculiar  modiHcation  of  that  of  the  domi 
marrow.  It  la  time,  that  if  the  developed  human  skull 
(Fig,  264')  is  considered  by  itself,  it  is  impossible  to  undo 
stand  how  it  can  be  merely  the  modified  anterior  portion  o£ 
the  vertebral  column.  It  is  a  complex,  capacious  bonj 
structure,  consisting  of  no  less  than  twenty  bones,  differing 
widely  in  form  and  size.  Sevi 
these  skull-bones  constitute  the 
spacious  case  which  encloses  the 
brain,  and  in  which  we  distinguiidi 
the  strong,  massive  floor  of  the  sUul 
{boMs  cranii)  below,  end  thi 
boldly  arched  roof  of  the  skull 
(fornix  cranii)  above.  The  othfl 
thirteen  bones  form  the 
skull,"  which  especially  provides  the  bony  enveIo|ias  1 
the  liigher  sense-organs^  and  at  tlie  same  time  aa  the  jawi 
skeleton,  encircles  the  entrance  to  the  intestinal 
The  lower  jaw  {usually  regarded  as  the  twenty-firet 
skull-bone)  is  jointed  to  the  skull-floor,  and  beliind  tbiiti 
embedded  in  the  roots  of  the  tongue,  we  find  the  Umgut: 
bone,  which,  like  the  lower  jaw,  has  originated  from  iht 
gill-arches,  together  with  a  portion  of  the  lower  arch,  wbidl 
originally  developed  as  "  skull-ribs  "  from  the  ventnl  ■ 
of  the  skull-floor. 


Fia,  £84. — Hnirni 
frouithe  right  Bitlo. 
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AJUiough,  therefore,  the  developed  skull  of  the  higher 
Vertebrates,  in  its  peculiar  form,  Its  very  considerable  size, 
and  its  complex  atructiire,  soema  to  have  nothing  in 
common  with  ordinary  vertebiw,  yet  the  old  comparative 
auatoniisU  at  the  close  of  the  eiglitoenth  centuiy  correctly 
believed  that  the  skull  is  originally  merely  a  series  of 
moilliied  vei-tebne.  In  1790,  Goethe  "  picked  up  out  of  the 
sand  of  the  Jews'  hurying-ground  among  tlie  downs  near 
Venice,  a  dismcmhercd  skull  of  a  sheep;  he  at  once  per- 
ceived that  the  face  bones  (like  the  three  vertebi^ie  of  the 
back  of  the  skull)  are  also  derivable  from  vertebne."  And, 
in  1806,  Oken  (without  knowing  of  Goethe's  discovery),  at 
ILsenstein,  on  the  way  to  the  Brocken,  "  found  a  beautifully 
liteached  skull  of  a  hind ;  the  thought  Sashed  through  him. 
It  is  a  vertebral  column  I "  "• 

For  the  last  seventy  years,  this  celebrated  "  Vertebml 
Theory  of  the  Skull "  has  interested  tlie  most  prominent 
Koolugista;  tlie  most  important  representatives  of  Compara- 
tive Anatomy  have  exercised  their  ingenuity  in  attempting 
to  solve  this  philosophical  skull-problem ;  and  the  question 
has  engaged  attention  in  yet  wider  circles.  It  was  not  till 
187S  that  the  solution  was  found,  after  seven  years  of 
Labour,  by  the  corajtarative  anatomist,  who,  both  in  the 
wealth  of  his  real  empirical  knowledge  and  in  the  pro- 
fundity of  his  philosophic  speculations,  surpasses  all  other 
ttudentH  of  this  science.  Karl  Gegenbaur,  in  his  classic 
"  Researehes  in  the  Comparative  Anatomy  of  Vertebrates" 
(ttiird  part),  showed  that  the  skull  skeleton  of  the  Selachii 
in  the  only  record  which  affords  definite  proof  of  the  verte- 
hral  theory  of  the  skull  Earlier  comparative  anatomists 
ermd  in  starting  fnjm  die  developed  mammalian  skull,  and 
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in  compaiing  the  several  component  bonea  with  the  sepante 
parts  of  vertobne;  they  supposed  that  in  this  way  tln^y 
could  prove  that  the  developed  mammalian  skull  consists 
of  from  three  to  aix  original  vertebne.  The  Iiinduji«t  ot 
these  sliull -vertebne  was,  according  to  them,  the  oocipiul 
bone.  A  second  and  a  third  vertebra  were  njpreseiitod  by 
the  sphenoid  bone,  with  the  parietal  bonci,  and  by  tbs 
frontal  bone,  etc  The  elements  of  anterior  skull  vertebra 
were  even  supposed  to  exist  in  the  face  bones.  In  opposi^ 
tion  to  this  view,  Huxley  first  called  attention  to  the  &i;t 
that  in  the  embryo  this  bony  skull  ori^^inally  develoj'S 
from  a  simple  cartilaginous  vesicle,  and  that  in  this  simple 
cartilaginous  "  primitive  skull "  not  the  slightest  trace  of  a 
constitution  of  vertebrate  parts  is  visible.  I'tiis  is  etjually 
true  of  the  skulls  of  the  lowest  and  must  ancient  Skulleit 
Arimals  (Craniota),  the  Cyclostomi  and  the  Selachii  In 
these  the  skull  retains  throughout  life  the  form  of  a  simgJs 
cartilaginous  capsule — of  an  inarticulate  "  primitive  or 
primordial  skull "  If  the  older  skull-theory,  as  it  waH' 
accepted  from  Goethe  and  Oken  by  most  oomjiaretivsi 
anatomists,  were  correct,  then  in  these  lowest  Skulled 
Animals  especially,  and  in  the  embryos  of  the  higher  Skullvd 
Animals,  the  constitution  of  the  "  primitive  skull '  by  a 
series  of  "  skull -vertebne  "  would  be  very  clearly  evidimt 
This  simple  and  obvious  consideration,  first  duly  a 
phasized  by  Huxley,  Indeed  overturns  the  famous  *'Verl«- 
brate  Theory  of  the  SkulV'  as  held  by  tlie  older  comparativa 
anatomists.  Yet  the  entii'ely  correct  fundamental  idd 
holds  good,  t.R,  the  hypothesis  that  the  skull  develops  frum 
the  anterior  portion  of  the  spinal  column  by  dilferentialioa 
and  peculiar  modification.  Just  as  the  brain  develops  fmm 
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the  anterior  portion  of  the  dorsal  marrow.  But  the  true 
mode  of  empirically  establisliing  this  philosophic  hypothesis 
was  yet  to  be  discovered ;  and  this  discovery  we  owe  to 
Gegenbaur,'™  He  was  the  first  to  employ  the  pliylogenetif 
method,  which,  in  this  as  in  all  morpholDgical  questions, 
lead3  must  surely  and  quickly  to  the  result.  Ho  showLiI 
that  the  Primitive  Fishes  (Seladiii,  Figs.  191,  192,  p.  113), 
as  the  parent-forms  of  all  Amphirhina,  yet  retain  per- 
matiently  in  their  skull-structure  that  form  of  priinordinl 
iknll,  from  which  the  modified  skull  of  the  higher  Verte- 
brates, and  therefore  that  of  Man,  has  developed  phylo- 
genotically.  He  also  pointed  out  that  the  gill-arches  of  the 
Selachii  show  that  their  primordial  skull  was  originally 
formed  of  a  considerable  numbei' — at  least  nine  or  ten — 
|)rimitive  vertebne,  and  that  the  brain-nerves,  wliicli  branch 
from  the  base  of  the  brain,  entirely  confirm  this.  Tliese 
Lrain-nerves — with  the  exception  of  the  hrst  and  the  second 
pairs  (the  olfactory  and  tlie  optic  nerves) — are  merely  modi- 
liod  spinal  nerves,  and,  In  their  peripheric  distribution, 
essentially  resemble  the  latter.  The  Comparative  Anatomy 
o[  these  brain-nerves  is  one  of  the  strongest  arguoienln  for 
the  newer  vertebral  theory  of  the  skulL 

It  would  lead  ua  too  far  aside  if  we  were  to  enter  into 
the  particulars  of  this  ingenious  theory  of  Gcgenhaur,  anil 
I  must  content  myself  with  referring  to  the  great  work 
already  quoted ;  in  it  the  theory  is  fully  demonstrated  by 
empirical  and  philosophical  arguments.     The  same  author 

givAn  ft  brief  abstract  in  his  "  Outlines  of  Cumiiarative 

iy''(lS74),  the  study  of  which  it  is  impossible  to 

id   too    highly.     In    this   work  Gogenhaur  indi- 

original  "skuU-riba,"  or  "lower  arches  of  akuU- 
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skull  (Fig.  20.5).  the  foUowii^ 
■e  two  Up  cartilages,  of  which 
the  anterior  (a)  coBsista  only  of  an  upper,  and  tlie  infoiiar 
(be)  of  an  upper  and  a  lower  piece;  III-,  the  jaw-ardi^ 
which  aJao  consists  of  two  pieces  on  each  side, — viz., 
primitive   upper  jaw   {08  patato-qiuiJratinn,  o)  and 


Fia.  2SG.— Head  sfccJelan  ul  a  rrruiiiivi'  FibIi^  h,  rKUe.Kruove !  rlA,  FFgvoM 
or  the  aieve-bone  t  orb,  eyecanlj  -,  la,  wbl)  at  «iu-Ub]'nula  ;  oet.  oocipnl 
rogios  <i  tho  primitive  skull ;  ev,  renebral  oolmno ;  a,  friuit ;  be,  h^nd  ti^ 
CHrliUpe ;  o,  piimitiTe  npfier  jaw  (palaie  giiailratuni)  1  Viprimilin 
jaw  )  11.,  tongue-oroli )  Ill.-Vltl.,  fin t  to  aiiUi  giU-archae.     (Att«rGs^lt* 

primitive  lower  jaw  (u);  IV.,  the  tongue  arch  (II.),  and  V.  to' 
X.,  six  ti'ue  gill  arches,  in  the  stricter  nense  of  that  tera 
(IJI.-VIII.).  Tlie  anatomical  features  of  these  nine  or 
iikull-ribs,  or  "lower  veitehral  arches,"  and  of  the  hrain 
nerves  distributed  over  thtra,  show  that  the  apparetiUy 
simple,  cartilaginous  "primordial  skull'  of  the  Primitiva 
Kishcs  originally  develops  from  an  etjual  number  (nine  at 
tlio  least)  of  primitive  vertebrss.  The  base  of  Uic  skuU  a 
formed  by  the  vertebral  bodies ;  the  roof  of  the  skuU  by  tlta 
upper  vertebral  arches.  The  coalescence  and  amalgamatino 
t£  those  int«  a  single  capsule  la,  however,  so  ancient,  thai 
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Iheir  primordial  separate  condition  now  appears  effaced  by 
the  action  of  the  "law  of  abridged  heredity,"  and  is  no 
lodger  demoDsLrable  in  the  Ontogeny, 

In  the  human  primitive  skull  (Fig.  2G()),  and  in  that  of 
all  higher  Vertebrates,  which  haa  been  moililic-d,  phyloge- 
tietically,  from  the  piimitive  skull  of  the  Sclachii,  five  con- 
secutive divisions  are  visible  at  a  certain  early  period  of 
development;  these  one  might  be  tempted  to  refer  tn  f;ve 


ria.  2G6.— Primitire  skall  of  hnmnn 
cmbrTD  of  fonr  weeks;  vnrtiisiil  Becdun, 
ihe  left  hnjf  icen  tram  the  inaJiie  :  o.  i, 
IK,  h,  n,  the  G«b  grootet  in  cVie  ekull 
rftrltj,  in  whiah  lie  the  Bre  braio-bloilikrH 
(fore-brsia,  twixt-brDiiii,  mid-brain,  hind- 
bnin,  Kfter-brain);  d,  pear.ihaped  pri- 
Burir fkr.resicls  ;  a, eye;  no. optiunerrs  ; 
ji,  o«naI  of  the  hypophyaiat  j  I,  centril 
IHUt  of  tlia  cntDidl  ba^ii^  (After  Koelliker.) 


original  primitive  vertebrte ;  they  are,  however,  merely  the 
rvsult  of  adaptation  to  the  five  primitive  brain-bladders, 
ftnd,  like  the  latter,  they  ratlier  correspond  to  a  larger 
nutiibor  of  metainera.  Tli;  fact  that  the  primitive  verte- 
Iirato  skull  is  a  much  modified  and  profoundly  transformed 
organ,  and  by  no  means  a  primitive  structure,  is  also  evi- 
dent in  the  circumstance  that  its  rudiment,  originally  a  soft 
Qiemtiranc,  commonly  assumes  the  cartilaginous  state  only 
It  its  base  and  on  the  sides,  while  it  remains  membrnnoii.t 
St  the  akull-roof.  Here  the  bones  of  the  later  bony  skull 
develop  in  the  sod  membranous  rudiment  as  an  external 
bony  roof,  without  a  previous  intermediate  cartilaginous 
state,  aa  in  the  base  of  the  skull.  TIuis  a  great  part  of  thu 
^ull-bones   onginally   developed   as   roof-boDOs   from   the 
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Icather-sTiin  (eorium),  and  only  secondanly,  come  Into  clwsr 
relations  with  tlie  skulL  How,  in  Man,  this  most  simple  &nd 
primordial  rudiment  of  the  primitive  skull  develops,  onto- 
gcnetically,  from  the  head-plates,  and  how,  in  tho  mean- 
time, the  anterior  extremity  of  tlie  notochord  is  enclosed  in 
the  base  of  the  skull,  has  already  been  explained.  (C£' 
vol.  i.  p.  378;  Figs.  145  and  U6,p.  393.) 

The  main  featui-es  in  the  history  of  the  development  of 
the  gill-arches,  which  must  now  be  regarded  n.t  skiill-n'lis, 
has  been  told.  Of  the  four  original  rudimentary  gill-arehus  of 
Mammals  (Plates  L  and  VII.,  Figs.  232-23C,  p^  243),  the  fini 
lies  between  the  primitive  mouth -oi«mng  and  the  first  gili* 
oi>ening.  From  the  base  of  tliis  glU-arch  the  "upper  jaw 
process "  develops,  and  this  unites,  in  the  manner  alreauiy 
described,  with  the  internal  and  the  external  nnsid  proccasei 
on  each  side,  and  forms  the  chief  parte  of  the  iipp.'rjniv  skele- 
ton palate-bones,  wing-bones,  etc  (Cf.  p.  245  and  268,)  tbt 
rest  of  the  first  gill-aii;li,  now  distinguished  as  the  "  lower-jaw 
process,"  forms  out  of  its  base  two  ear  bonelets — the  Iiainmi 
(malleus)  and  the  anvil  (incus);  tlie  rest  of  its  muss  beconitt> 
a  long  strip  of  cartilage,  called,  after  its  discoverer, "  Meckel* 
cartilage."  On  the  external  surface  of  this  cartilage  origin- 
ates, as  a  suifacc-bonc  (formed  of  cellular  matter  Irom  thi 
leather-plate),  the  permanent  bony  lower  jaw.  From  U« 
base  of  the  second  gill-arch  in  Mammalia  originate  tli« 
third  ear  lonelet,  the  stiiTup  (atajtes),  and  from  the  snlee* 
qiient  parts,  in  order,  tlie  sttrrup-muscle.  the  styloid  process  ot 
the  temporal  l)onc,  the  styloid  band,  and  the  small  hum  of  the 
tongue-bone.  Finally,  the  third  gill-arch  becomes  cartilagir.< 
ousonlyat  its  anterior  portion,  and  here,  by  the  uniimof  ill 
two  halves,  is  formed  the  body  of  the  t(.>ngue-bone  {wpvia 
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hyoidea)  and  its  great  hom  on  each  aide.  The  fourth  gill- 
arch  appears  in  the  mammalian  embryo  only  as  a  transient, 
rudimentary  embryonic  organ,  and  does  not  develop  into 
fecial  parts.  Of  the  posterior  giil-arches  (the  fifth  and 
sixth  pairs),  which  are  permanent  in  the  Primitive  Fishes,  no 
trace  is  visihie  in  the  embryo  of  higher  Vertebrates.  The 
latter  have  long  been  lost  The  four  gill-openinga  in  the 
human  embryo  are  also  only  interesting  as  transient  rudi- 
mentaiy  organs,  which  soon  disappear  entirely  by  concre- 
scence. The  first  gitl-opening  (between  the  first  and  second 
gill-arches)  alone  is  of  permanent  iiupurtance;  liom  it 
develops  the  drum,  or  tympanic  cavity  of  the  ear,  and  tlio 
Eustachian  tube,  (C£  p.  2C9,  and  Plate  L,  with  explan- 
at)<nL] 

Not  only  did  Gegenbaur,  in  his  model  "  Researches  into 
(he  Comparative  Anatomy  of  Vertebrates."  first  correctly 
explain  the  skull  and  its  relation  to  the  vertebral  column, 
but  he  also  first  performed  tlie  no  less  weighty  and  interest- 
ing task  of  showing  the  phylogenetic  derivation  of  the 
fikeletou  of  the  limbs  in  all  Vertebrates  from  one  primordial 
form.  Few  parts  of  the  body  in  the  diilerent  Vertebrates 
are  subjected,  by  adaptation  to  various  circumstances,  to 
saoh  an  infinite  variety  of  modifications  as  the  liiubs,  in 
point  of  size,  foi-m,  and  special  fitness  for  certain  purposes,  and 
yet  wc  arc  now  able  to  refer  tbem  all  to  one  common  here- 
ditary form.  Vertebrates  are  distinguishable  as  regards  tlie 
ulructiiru  of  their  limbs  into  three  large  main  groups.  The 
lowest  and  most  ancient  Vertebrates,  the  skull-!e^  and  jaw- 
leas  claastu,  like  all  thoir  invertebrate  ancestors,  had  no 
paired  limbs;  tliis  condition  is  yet  represented  in  the  Am- 
phioxiiH  and  in  the  Cyclostomi  (Figs,  189,  lyO).     The  second 
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roaJn  gronp  consists  of  the  two  classes  of  true  Fishes,  and  of 
the  DipneiLsta ;  m  these,  two  pairs  of  lateral  limbs,  in  tht 
shape  of  many-fiogcred  awimroing-fins — odg  pair  of  pectonl 
fins  (the  fore  legs)  and  one  pair  of  abdominal  fins  (hind  l^s}— 
arc  originally  always  present  (Figa  191,  192,  Plate  XIL). 
Finally,  the  thb-d  main  group  embraces  the  four  highi 
vertebrate  classes:  Amphibia,  Reptiles,  Birds,  and  Mammali; 
in  these  the  same  two  pairs  of  legs  exist  originally,  but  in 
the  form  of  five-fingered  feet.  The  digits  or  fingers  are 
often  fewer  than  five ;  sometimea,  also,  the  feet  are  quit« 
aborted.  But  the  original  parent-form  of  the  entire  group 
had  anteriorly  and  posteriorly  five  digita  (PentadactylLuo, 
p.  123). 

As  regards  the  Phylogeny  of  the  limits,  from  their 
Comparative  Anatomy  it  appears,  therefore,  that  the  extio> 
mitics  originated  in  the  Fishes,  in  the  Primitive  Fiabi 
fSelachii),  and  were  transmitted  from  these  to  all  higher 
Vertebrates  (all  the  Ampkirhina),  first  in  the  form  of 
many-fingered  fins,  and  afterwards  aa  five-fingered  fwfc 
(Figs.  267-272).  The  anterior  extremity — the  pectoral  fia 
(or  the  fore  leg) — is  originally  shaped  precisely  like  tba 
posterior  extremity — the  ventral  fin  (or  the  hind  leg).  Id 
the  one,  aa  in  the  other,  the  true  limb,  externally  promi- 
nent, is  distinguishable  from  the  inteiTial,  concealed  girdle. 
Iiy  which  the  limb  is  attached  to  the  spinal  column — tlw 
nIioulder-giidle  above,  the  pelvic  girdle  below. 

Tlie  genuine  primitive  form  of  tho  paired  limbs,  aa  ii 
tjxiated  in  the  most  ancient  of  the  Primitive  Fishes  during 
the  Silurian  Period,  occurs  to  this  day  in  perfect  preserva- 
tion in  the  ancient  Ceiatodus,  and  very  curious  Hud-fisfa  al 
Australia  (p.  liy,  Plate  SIL).    In  this,  both  the  pectoral  ■cd 


the  Tentral  fin  is  a  flat,  oval  paddle,  in  -which  we  find  a 
feathered  or  biserial  cartilaginous  skeleton  (Fig.  2GT). 
This  skeleton  consists  fii'wtly  of  &  strong,  articulated  fin-rod 
or  "  stem  "  (Fig.  2U7,  A  B),  which  extends  from  the  base  to 
the  tip  of  the  fin,  and  secondly,  of  a  double  row  of  thin, 
feathered  rays  (it),  which  are  attached  to  both  sides  of  the 
central  rod,  like  the  pinnte  of  a  pinnate  leaf.  This  primi- 
tive fin,  first  recognized  by  Gegenbaur,  and  by  him  called 
the  Arcliiptcri/gium,  is  attached  to  the  spinal  column  by 
means  of  a  simple  gu-dle  in  the  shape  of  a  cartilaginous 
»reh.'^ 

In  some  Sharks  and  Rays,  especially  when  very  young, 
this  same  primitive  fin  also  occurs  in  a  more  or  less  modified 
form.  But  in  most  Primitive  Fishes  the  fin  is  already 
essentially  modified,  in  that  the  rays  on  one  side  of  the  stem 
are  partly  or  altogether  lost,  and  are  retainid  only  on  the 
oUier  aide  (Fig.  268),  Hence  arises  the  half-featliered,  or 
uniscrial  fish-fin,  inherited  by  the  otlier  fishes  fi-om  the 
Selacliii  (Fig.  2G9). 

Gegenhaur  first  showed  how  the  five-fingered  leg  of 
Amphibia  is  ilevetoped  from  this  uiiiserial  tiu  (Fig.  270J  and 
h  inherited  by  three  classes  of  Amniota.  In  those  Dip- 
neusta  which  were  the  ancestors  of  the  Amphibia,  the  fin  rays 
on  the  other  side  of  the  stem  also  were  gradually  degraded 
in  devclo|)raent,  and  were  in  a  great  measure  lost  (tlio  light- 
eoloured  cartilagea  in  Fig.  2C9).  Only  the  four  luwest  rays 
(shaded  in  Fig.  209)  were  retained  ;  and  these  are  the  four 
outer  digits  of  the  foot  (second  to  fifth  digitM).  The  firat, 
or  great  digit  (toe),  on  the  contrary,  originated  from  the 
lowci'  part  of  the  fin-rod.  From  the  middle  and  upj^ier  parts 
of  tliia  fin-rod  developed  the  long  main  stem  of  the  limbs 
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Tin.  SfiT.  — Iliinefi  of  pectoral  Una  of  CerSitodiis  (Aroliipteryp-inni.  or 
hilnlPTttl  piniinie  skeleton) :  A  B,  eerles  of  caTtilBi;ini>n»  piocei  forming  Iha 
reoiml  Bb^m  of  iho  Ba;  rr,  rays  uf  the  tin.      (AFIlT  aiiiilli(<r.) 

Fio.  £<;h.— Dona  of  pectoral  fin  of  au  earlier  Hrliii. tiro  Pisli(Aon'ilhia*). 
Mt*t  of  (he  nja  of  the  medial  edge  of  the  fia  (BJ  have  dii'^ppniii  i  4  ui'lr 
a  Tciv  (R*)  rcmaio.  AJt,  rajs  of  tbo  lateral  edge  of  Bn  ;  ml,  Meta))- 
torj^um  :  nw,  Mpiopterygiain  ;  p,  PiDptoryginm.    (After  Gaganbaur.) 

Fio.  Er^.—BoDBB  of  pectoral  Bti  of  a  more  recent  Primitire  Piab,  nr 
ScUchiko.  The  rays  of  the  medi.il  ed^s  cf  the  da  hare  etitirrlf  diK. 
•plHuvit.  The  shaded  part  oo  the  Tighl  U  that  portioo  which  develops  JDla 
tba  flTe-SD){i'icd  hood  of  biglier  Tertobi-atoa  (b,  the  three  basal  pieren  of 
tlw  flu  I  ml,  llelapterygibiu  1  mdiment  of  the  buroorua  1  nu,  Uciopter]'. 
gjnmi  pi  PiTptervglom).    {After  Qcftenhnur.) 

Ft».  270.— Bone>  of  the  foM-limb  of  an  Ampliibian  :  h.  upper  nrm 
(&«a*nij]|  r.  a,  loner  arm  (r,  tadiut;  u,  ulna)  ;  r,  c,  i,  e,  li,  ro  it-bmus  of  ibe 
'Jiai<(l,liratmw(r,ndiat;  1,  int^nnedialei  c,cenim1:  li.olnary);  1,2,3,4,5, 
(vul-lii>iieii  of  the  hand,  second  row.      (Arter  Gcgunbaar,) 

riD.  271— Boneaof  baud  .of  Gorilla.      (Arter  nuiley.) 

Fio.  272.— fionea  uf  huiuoa  baud,  wan  from  the  back.   (After  H.  Uejer.) 


which  is  80  prominent  in  the  higher  Vei-tebrata  aa  the  uppor 
arm  (or  leg)  (Fig.  270,  r  and  u)  and  the  lower  ana  (or 
leg.*). 

The  many-fingered  fish-fins  thus  gave  rise,  bj'  a  process 
of  gmdual  reversion  and  differentiation,  to  the  five-finj;ered 
amphibian  foot,  which  occurs  first  in  the  Sozohranchla,  aiiu 
which,  from  them,  has  been  transmitted  on  the  one  hand  to 
Reptiles,  and  to  Mammals,  up  to  Man,  on  the  other  (Fig.  272} 
Bimultancotisly  with  tlie  reduction  of  the  number  of  the  tin- 
rays  to  four,  a  furtlier  differentiation  affocted  the  fin-stem  or 
rod ;  it  became  transversely  divided  into  the  upper  and 
lower  arms  (or  legs),  and  a  roodilicatioa  took  place  in  the 
girdle,  which  tu  llie  higher  Mammals  originally  consists 
both  anteriorly  and  posteriorly,  of  three  bones.  The  aimpla 
vch  of  the  original  shoulder-girdle  separates,  on  each  eide 
into  an  upper  (dorsal)  piece— the  shoulder-blade  ificapuia) 


304 


THE   EVOLUTION   OK   MA.S. 


ami  a  tower  (ventral)  piece;  the  anterior  portinn  of  I 
liitter  cunsUtutes  tlie  pro-key  {or  coHai)  bone  (prororv 
ilrnm)  ami  its  posterior  part  the  raven-bme  (corticoittfum); 
Tlic  simple  arch  of  the  pelvic  girdle  breaks  up.  correspoml 
iiigly,  into  an  upper  (dorsal)  piece — tlie  intestinal  hcnt 
(o8  itiuvi),  anil  a  linver  (ventral)  piece ;  the  anterior  portion 
of  the  latter  becomes  the  pubic  bone  (oa  puhii*)  and  t\n 
posterior  portion  the  hip-bone  (os  ieckii).  Table  XXXIV 
p,  278,  shows  the  con-espondence  of  these  three  jiarts  c 
the  pelvic  girtUe  with  those  of  the  shoulder-girdle, 
latter,  however,  in  the  key-bone  or  collar-bone  (clavicaJa), 
possesses  a  fourth,  wanting  in  the  former.  (Cf.  Geg^nbaur." 
As  in  tlie  ginlle,  so  in  the  trunk  of  the  limbs  there  t< 
originally  an  absolute  agreement  between  the  anterior  a 
posterior  limbs.  The  fii'st  section  of  the  trunk  ia  suppc>rt«d 
by  a  single  strong  bone^in  the  anterior  limbs,  the  upp 
arm  (humeru^t) ;  in  the  posterior,  the  upper  leg  (femur). 
The  second  section,  on  the  other  hand,  contains  two  bones— 
nn  the  anterior  extremity  the  spoke-bone  (rtutiu^  Fig; 
'2~0,  r),  and  the  ell-bone  (ulna.  Fig.  270,  u) ;  in  the  posterior 
the  two  corresponding  bonea,  the  aliin-bone  (litriii)  ; 
calf-bone  (f,bula).  (C£  skeletons  in  Fig.  190  and  Fig* 
204-208),  Moreover,  the  subsequent  small  and  numeron 
bonea  of  the  wrist  (carpus)  and  of  the  ankle  (tarms)  cor 
respond ;  so  do  the  five  bonea  of  the  middle  of  the  haiK 
(metacarpus)  and  of  the  middle  of  the  foot  (metttlarsruii 
Finally,  the  same  is  true  of  the  five  digits  attached  to  the* 
paits,  which  in  their  characteristic  structure  of  a  scries  0 
bone-pieces  correspond  in  the  anterior  and  posterior  limbi 
Charles  Martins,  of  Montpellier,  an  excellent  morphologirt 
hna  flhown  thai,  In  deljiii.  ihv  anterior  and  posterior  liml4 
(wrroapon'l'^ 


Hr>Mm.OOY   OF   THE   LIMBS.  305 

As  Comparative  Anfttomy  tliiis  sliowa  that  the  akrJrton 
of  the  limbs  in  Man  is  composed  of  the  same  bone»,  ami  in 
the  fiome  manner  as  the  skeleton  in  the  four  higher  verte- 
hr&tu  dowtes,  we  may  justly  infer  Iheir  conmion  doscenl 
from  a  single  parent-form.  This  parent-fnnn  was  the  most 
ancient  Amphibian  possessing  five  tligita  both  on  the  fore 
and  un  the  bind  limbs.  The  outermost  part  of  the  limtw 
has.  indeed,  been  very  much  modified  by  adaptation  Ui 
vaiious  conditions  of  life.  The  diversities  in  this  point 
witliin  the  mammalian  class  ai'e  enormous.  The  slender 
limbs  of  the  swift  Deer  and  the  strong,  springy  logs  of  the 
Kangaroo,  the  climbing  feet  of  the  Sloth  and  the  digging 
paws  of  the  Hole,  the  fins  of  the  Whale  and  the  wings  of 
the  Bat.  are  all  instances.  It  will,  of  course,  be  admittt-'d  by 
atl  tliat  these  organs  of  locomotion  are  as  diverse  a^  possible 
in  ]wiiit  of  Bizii,  form,  and  special  function.  And  yet  the 
internal  bony  skeleton  is  substantially  the  same  in  them  alL 
In  all  Uio.se  dilferent  forms  of  limbs  the  same  characteristic 
bones  arc  always  represented  in  essentially  the  same  strongly 
inlierited  combination ;  and  here  we  have  a  weighty  conlirhi- 
ation  of  the  theory  of  descent,  such  as  is  hardly  atlbi-ded  by 
tlie  Comparative  Anatomy  of  any  other  organ.  (Cf.  Plate 
IV.  p.  34,  vol.  ii.  of  "  History  of  Ci-eation.")  Tnie,  in  tbo 
limbs  of  the  different  Mammals,  the  skeleton  is  subject  to 
various  arrests  of  development  and  reversions,  in  addition 
b)  1})0M  duo  to  special  adaiitation  {I''ig,  273).  Thus,  iu  tlio 
ffio  foot  (or  hand)  of  the  Dog  the  first  digit,  or  thumb,  ia 
abi.rted  (Fig.  273  II.).  In  the  Pig  (III.)  and  the  Tapir  (V.j 
titia  \ligit  has  entirely  di.iappeared.  So,  too,  in  the  Uumi- 
nanu  («.r/.,  the  Ox,  Fig.  IV.)  the  second  and  fifth  digite  are 

aliurtcd,  and  only  tho  third  and  fouith  are  widl  dove- 
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lopt'd.     Filially,  in  the  Horse,  oiily  one  digit,  tlie   third,  1 
perfectly  developed  (Fig.  VL,  3).     And  yet  sU  these  iliv 
fore-feet,  a&  also  the  hiuid  of  the  Ape  (Fig.  ^1)  and  t 
human   hand  (Fig.   27-).  have   urigiitBted  from   iho 
common  five-tiiigcred  parent- form.     This  'm  proved, not  unl}^ 
by  the  rudiments  of  the   abortt;d  digits,  liut  alno  hy  t 
homologous  disposition  of  the  wrist-U>uua  (Fig.  273,  i 
(y'tttts  nupra,  p.  124,) 

The  same  story  is  also  told  1>y  the  genu-history  iif  H 
limbs,  which  is  originally  identical,  not  only  iu  all  Maininsli, 
hut  in  all  Verteliratos.  However  diHervnt  the  liml«  uf  Uit 
various  Skulled  Animals  {Crctniota)  afVrn'ardn  a{)])ear  in 
their  fully  developed  stat«.  they  nevertheless  all  orijniwk 
from  the  same  simple  rudiment     (Cf.  Plat«s  VI.  and  VII. 


♦  J 


Fin.  273,-8l:*-l.'l.in  ot  hand  w  fore-foot  of  ni  lUinin«l».  I.  Hu;  0. 
Doft;  111.  Pigi  IV.  Oi;  V.  Tapir,  VI.  Uone.  r.  RwUu*i  ■.  pIm: 
a.  nc&pboid I  h,  MMni'lnDDT;  r,  tnquetrnm  (cnnFifnnnti  </.  trupctlnnii  It 
trapOKoid  ;  /,  cnpitatDin  (ancifiirm  (iroivca) ;  g,  ImTuatQin  (uDoifumi  biiar)i 
p.  piriform:  1,  ifaanili:  'i.  digit ;  8.  middle  finger;  4,  ring  finger :  It,  liUk 
Hngrr.    (Aflcr  Gegpobaur.) 
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Tol.  I.  p.  362;  /,  fore-1^,  6,  himl-leg.)  In  all,  the  first  rudi- 
ment of  each  limb  in  the  embryo  ia  a  simple  wart,  or  small 
knob,  which  grows  from  the  side  of  the  body  between  the 
dorsal  and  ventral  sides  (Figs.  1 19  and  1 20,  voL  i.  pp.  357,  Sofl ; 
136  and  137,  pp.  381, 382).  The  cells  composing  these  knobs 
belong  to  the  skin-fibrous  layer.  The  outer  surface  is  coated 
by  the  hom-plate,  which  is  rather  thicker  at  the  apex  ol* 
the  protuberance  (Plate  IV.  Fiff.  5,  x).  The  two  anUirior 
protuberances  appear  at  a  rather  earlier  period  than  the 
two  piisterior.  By  differentiation  of  the  cells,  these  simple 
rudiments  develop  immediately,  in  Fishes  and  in  the 
Dijmeusta,  into  fins.  In  the  higher  vertebrate  classes,  on 
ihe  contrary,  each  of  the  four  protuberances,  in  the  course 
jl*  its  development,  assumes  the  form  of  a  stalked  plate,  the 
•tiner  portion  of  which  being  narrower  and  thicker,  the 
outer  broader  and  thinner.  The  inner  portion,  or  the  handle 
of  thfl  plate,  then  divides  into  two  sections :  the  upper  and 
lower  legs  (or  anna).  Four  notches  then  appear  in  the  free 
wlge  of  the  plate,  and  these  gradually  become  deeper;  these 
are  the  divisions  between  the  five  digits  (Plate  VIII.  Fig.  1). 
Tlie  latter  soon  become  more  prominent  At  first,  however, 
all  the  five  digits,  both  on  the  fore  and  on  the  hind  limbs, 
are  joined  by  a  thin  connecting  web-like  membrane;  this 
recalls  the  original  adaptation  of  the  foot  as  a  swiniaiing-fin. 
The  further  development  of  the  limbs  from  this  most  simple 
rudiment  takes  place  in  the  same  way  in  all  Vertebrates ; 
that  is.  by  the  modification  of  certain  groups  of  the  cells  of 
the  ekiii-fibrouB  layer  into  cartilage,  of  other  groups  into 
musclca,  yet  othei-s  into  blood-vessels,  nerves,  eta  Probably 
tho  dillisrentiation  of  all  these  various  Lissuea  occurs  actually 
io  the  ltml)&     Like  the  vertebral  column  and  tlie  skull,  tlie 
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bony  parts  of  tlie  limbs  are  also  formed  at  first  from  jv>fl 
undifrerentiated  cell-groups  of  the  skin-fibrou8  layer.  These 
aflerwards  change  into  cartilage,  and  from  these  the  per- 
manent  bones  originate  by  a  tertiary  procesa*^ 

The  development  of  the  muscles,  or  the  active  oi^gans  of 
locomotion,  is,  as  yet,  of  much  less  interest  than  that  of  the 
skeleton,  or  the  passive  instruments  of  motion.  The  Com- 
]>a]-ative  Anatomy  of  these  is,  indeed,  of  much  higher  im- 
|>ortance  than  their  Embryology.  But  as  very  little  attention 
lias,  as  yet,  been  paid  to  the  Comparative  Anatomy  and 
Ontogeny  of  the  muscular  system,  we  have  only  very 
general  ideas  of  its  Phylogeny  also.  The  muscular  system 
as  a  whole  has  developed  in  the  most  intimate  reciprocal 
correlation  with  the  bone  system.^* 
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Systematic  Scrtct  of  the  most  Important  Periods  in  the  PnTLoosxT 

OF  the  Human  Skeleton. 

I.  First  Period :  SkeUton  of  the  Chordwia  (Fig.  187,  p.  90). 
Ill*'  outire  skeluton  is  foimed  hj  the  notoohord. 

II.  Second  Period:  Sleeleton  of  the  Acrania  (Fig.  189,  p.  01). 

A  ontdcliord-membrane,  the  dorsal  continantion  uf  which  fumii  a  cover 
inj;  ruand  the  medallar/  tobe,  is  formed  round  the  notochurd. 

III.  Third  Period:  Skeleton  of  the  CycloBtomi  (Fig.  190,  p.  103). 

A  cartilaginous  primordial  skull  develops  round  the  anterior  eztreuiitj 
of  the  tiotochoid,  from  the  noh)cliord-ujembraae.  An  outer  cartilaginttus 
If '11. skeleton  forms  round  the  gills. 

IV.  FouHh  Period  :  Skeleton  of  the  older  Selachii  (Fig.  268,  p.  802). 

A  primitive  vertebral  coluniu,  witli  upper  and  lower  arches  (the  }?ill- 
arches  and  ribs)  forms  round  thu  notocliord.  The  remnant  of  the  outer  pill* 
bkrleton  remains  with  the  inner.  Two  pairs  of  limbs,  with  pinnate  (biaof  ial) 
skeletons,  appear. 

V.  F^fth  Period:  Skeleton  of  the  more  recent  Selachii  (Fig.  269,  p.  302). 

The  anterior  gill-arches  clinngo  into  lip-cartilnge  and  jaw.arches.  The 
external  gill-skeleton  is  lost.  The  skeleton  of  tho  two  yiira  of  fins  becunioR 
ant»erlal  (semi-pinnate). 

VI.  Sixth  Period :  Skeleton  of  the  Dipneueta  (Fig.  2,  Plate  XII.). 
The  skull  becomes  partiallj  ossiGed  ;  as  does  the  sliuulder-girdle. 

VIL  Seventh  Period:  Skeleton  of  the  Amphibia  (Fig.  270,  p.  302). 

The  gill.orches  are  modified  into  parts  of  the  tongue- bune,  and  of  the  jnw. 
apimratus.  On  the  semi-pinnnto  pkeletons  of  the  6ns  the  myn  diniinixli  in 
iiumUer  to  foar,  thu*  giva.g  rise  lu  the  five-toed  foot.  Tho  vertebiLl 
oulamn  oMifias. 
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VIII.  Eighth  P*^od:  Skeleton  oftlie  Monotremaia  (Fif^.  196,  p.  149). 

The  vertebral   colamn.  skull,  jaws,   and    lixnbs^  aoqaire    the   definit 
oluiracteristic:*  uf  Mammals. 


IX.  Ninth  Period :  Skeleton  of  the  Martupialia  (Fifr.  197,  p.  152). 

'J*he  c-onu'oid  bono  of  the  shonlder.girdle  becomes  atrophied,  and 
reuiDiiut  of  it  nmalgamatoBwiih  the  shoalder.blade. 

X.  Tenth  Period  :  Skeleton  of  the  Semi-ap^ti  (Pijj.  199.  p.  1^4^. 

l*he    |ii'Uuh-boaeB,    which    distinguish    Munuiremes    and     Marsni 
disappear. 

XI.  Eleventh  Period :  Sk^let/m  of  th^  Anthropoid  Ajtm 
(Figs.  204^208,  p.  179). 

The    Bkoleton    acquires  the  peculiar  development   shared    by  Man 
cludivcly  with  the  Anthropoid  Apes. 


CHAPTER  XXIIL 
DEVELOPMENT  OF  THE   INTESTINAL  SYSTEM, 

he  Primitive  lulc.line  of  tbe  Gngtn]li>.~It8  II<'m<>lngy,  or  Muipholngn<«l 
lilontity  in  oil  Animal*  (cioepling  the  I'lutojwol.^SmTey  of  llie 
StrDClnre  of  tlie  Developed  Inleaiiiinl  Ctuial  in  Mon.— The  Month- 
omily.— TI.0  Tl>r<m  (yJun-sTTjr).— The  Oullct  {a:6nphogiu).-The  Wind- 
pipt  [traeheai  nod  LangB,— Tlie  Litrfni. — The  Slomauli. — 'I'lis  SoikII 
Iiitiftiiie.— The  Liver  and  Ontl.bhidder.— The  Vrintiitl  Sali^nry  GUnd 
(r'ancTHu).— 'I'he  Lwge  Intoatiue.— Tho  lleotum.— TUo  Firat  nudimeDl  ..f 
the  Biii>|il»  li>i<-etinBl  Tubu.— 1'hs  Gulrala  of  the  AmphiDitu  and  •>( 
Mam  mala.— Sf|iiimtiiiD  of  the  Ocrai  fmra  the  InteBl.iniil  Germ  Vesicle 
(Ga*tr»cy«llH).— TUs  Priniilive  lutcaline  (Piiit<<tpuler)  and  the  After 
Intestine  iMeinpv-ter). — Beconilaiv  Konnntioo  of  the  Month  and  Anm 
frun  the  Uuier  Skin.— Develo|iniFnt  of  ihe  Intcilinal  Kpilhelinm  from 
tlie  lnt«'l'n>il'}{lRndulBr  lAjer,  and  of  nil  mhor  pans  of  the  Intvutiue 
fn>m  tl.a  InEeKtinal-OliroilH  Lnj-or.— Simple  Intaslinal  Ponoh  of  Ihe 
Uiwar  Wunni.—UiltcrcutinlloD  of  the  I'liniitive  InteeUnal  Tubeii.toa 
Bnpirator/  and  a  niifonlire  Inlnatiac—Gill  intoatine  and  Stomocli- 
li'wtine  iif  the  Amphioina  and  AiicidiaD.— Ui'>}^*n  aud  SigniHiionDO  of 
tlw  Oill.ri[H-ttiiijpi.— Their  Dinflpiieftrftnco.— Tho  Gill-arohee  H>i<t  the  .(aw. 
■iirlctun. — Furmatiun  of  the  Tevth. — Derclopment  nf  tbe  Ldd^  Cmm  the 
Bwim-btadilor  irf  Piah.— DilTureDliatinn  of  the  Stomai-h.— D<-vclnpmeiit 
of  Ifae  hivrr  nnrt  P«iicr«»i,— Diffpri-nlialioii  of  the  Biuatl  and  Lar^e 
lulwliivk— t'uiiiialioii  of  Ihu  Cluaoa. 

"CautioDi  people  rtrtgnire  oi  to  cuiiltne  onnelrea  to  pklherin)|!  niaterialli 
i  to  IchTO  it  to  puHtority  to  nu»  a  avicntiflo  tiruoture  fmm  thiioo 
tteriak ;  beoaaM:  imtjr  in  that  waf  can  we  ni'spe  tbe  iKnoDiiny  of  ba>ini| 
riea  we  Uilietcd  in  OTeiiliiuwo  by  ihe  ailTaDoe  of  kaowledgo.  Tha 
aalilann—  of  tbii  dsmiuul  ii  apparcDt  enou|[b  troin  tlie  fact  that 
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C<iii>|>arnt'va  AnMnmj, lika  evpiy  oilier  afirnra,  is  pdiIIpiiI)  «n4  |lwm</'m 
[lie  (?nitle>nuvAt  ur  the  ncH.->iiiiii1iiimn  uf  Dinlcrinl'i  wontJ  oov^r  nll-n*  nx 
thsj  ctimplicil  wilh  Ihia  ilrni"!!!!,  lo  reap  any  hmfeit  from  lliis  flvliL 
(unliPT  than  lliid,  hiaiiirj  teiidiBi  lu  clrarlj,  ttiii  nn  Age  in  trhith  wia 
inqulfj  boa  been  actiie,  hfis  been  able  »n  la  iIbuj  itsvlf.  at,  Kitiiij;  Iba  ip 
nf  itt  researclieB  id  the  future,  to  refmln  fiiiin  draifiiiif  moclnsi 
Itua  its  larger  or  gmjiller  treasaiy  of  ubsortationa,  »nd  fninn  IrySiijt  to  (III  ili 
g:ipe  with  hvpntl^esee.  It  woald,  mileed,  be  >  hopelras  pnvrcfl i »)(•  if,  fl 
nnier  to  avuid  I'liof,  anj  pnrt  oF  nnr  posaeiisioiu,  we  i-ii»iilil  relWi  | 
ncijuiro  BDj  piiueHaiuDS  wUatever." — S*KL  Erkit  R«<>  (Islit). 

Amonq  the  vegetative  orgnna  of  the  human  boily,  to  Hit 
lievelopineiit  of  which  we  now  tmti  our  att«nti<>ii,  tho  intfl 
tinal  canoJ  is  the  most  important.  For  the  intestinal  ( 
is  the  oldest  of  all  the  organs  of  the  animal  body,  i 
carrica  us  back  to  the  eaillest  time  of  organoIngiciU  dtfi 
entiation,  to  the  Brat  period  of  the  Laiir<>ntian  Rpoch. 
we  have  ah'eady  seen,  the  result  of  the  first  diviaioD  I 
Inliour  in  the  homogeneous  celb  of  tlie  oorlit-st  iiiiuiy-< 
animal  Ijody  must  have  been  the  formation  of  &  nutritiM 
intestinal  tanaL  The  first  duty  and  the  linst  nofj  of  « 
iii-gnnisiii  is  self-support.  This  task  is  accumplisliod  by  (I 
two  fimctiuns  of  nutiitinn  and  of  the  coveriii;;  of  the  li 
When,  thei'efoie,  in  the  primaeval  coUectiun  of  liotDOgened 
cells  (S;/nama:(/ium),  of  the  phylogenetic  existvnet;  of  which 
we  yet  have  evidence  in  the  ontngenetic  ilevelo|iin(-tilal 
form  of  the  mulbuiTy-germ  {j1/wk7u),  tlie  several  ineinlwre 
of  the  community  began  tn  divide  the  work  of  life,  Uiey 
were  firat  obliged  to  engage  in  two  sepni-ftte  tasks.  Oiw 
half  modified  into  nutritive  cells,  enclosing  a  digesti^'e 
cavity,  the  intestinal  canal ;  the  other  half,  on  the  oontmy, 
developed  into  covering  cells,  fonning  the  otitcr  cover- 
ing of  this  intestinal  canal,  and,  at  the  same  time,  of  the 
whole   body.     Thus  aiose  the  fiist  two  gui-u)-lay«Tx:   the 
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linner,  nutritive,  or  vegetative  layer,  nml  the  uuter,  diveriiig, 
lor  animal  layer. 

If  we  try  to  construct  for  ourselve.s  an  aniinal  body  of 
Ithe  simplest  conceivable  tbrtu,  possessing  such  a  primitive 
I  intestinal  canal,  and  the  two  primary  germ-layers  funning 

wall,  the  result  is  necessarily  the  very  remarkable 
Igorm-fiinn  of  the  gastrula,  which  we  have  shown  to  exist 
mderful    unilurmity   thi-uughuut   the    whole    animal 


7t— G«atriil»  of  n  Cliiilk.»poiij(p  (OlyntLua)  ;  A,  from  oofjii'lpi 
imdiDiU  MVtUJO  LhroUfib  the  axis;  g,  ]<riniiUTD  inttBtioc  i  ii,  priml 
[i ;  >,  inU*tiina  Irj.r.  or  •^iil.xlurni ;  c,  akin-layer,  or  oiodvrm. 

liwriuK:  in  the  Sponge;*,  Sea-nettlea  (Acalepha^),  Wonns, 
I  S«(t-bmlie<lAHimB,lK{A/o/^«*vi),  Articulated  Animal8(  J  rt/u-o- 
I  poda).  and  Vortebrati^-s  (Figs.  174-179,  p.  fi.i).  In  all  tlivse 
IvarioUH  animal  trilnw  the  gastrula  reappears  in  llii'  same 
mtirely  simple  form  (Fig.  27*).  Its  whole  boily  is  really 
-ely  the  intestinal  canal ;  the  simple  cavity  of  tlie  \xM]y, 
I  Uigei>tiv«  iuteatinal  cavity,  is  Uiu  jiriwitive  uit«((tinr 
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(protogaster,  g) ;  its  simple  opening,  the  primitive  montl 
(jyrotostoma,  o),  is  at  once  mouth  and  anus ;  and  the  tw 
cell-strata  which  compose  its  wall,  are  the  two  primaij 
germ-layers:  the  inner,  the  nutritive,  or  vegetative  gcr 
layer,  is  the  intestinal  layer  (entcxlcmut,  i) ;  and  the  out 
covering  layer,  which,  by  oieans  of  ite  cilia,  i^  also  the  a 
of  motion,  is  the  animal  layer,  or  skin-layer  (^exoderma,  «^ 
This  highly  important  fact,  that  tlie  gastnila  appears  a&  m 
early  larval  condition  in  the  individual  development  of  Ui 
most  varied  animals,  and  that  this  gastnila  always  eshiliH 
the  same  structure,  and  that  the  very  ditTerently  develop« 
intestinal  canals  of  the  most  varied  animals,  arises,  ontc 
genetically,  from  tlie  same  extremely  simple  ga^tnili 
intestine,  this  very  important  fact  justifies,  in  accord 
with  the  fundamental  law  of  Biogeny,  two  conclusion) 
which  involve  important  results,  and  of  which  one  is  genen 
and  one  special.  The  general  conclusion  is  an  iniiuctiw 
one,  and  may  be  stated  thus :  The  very  variously  forma 
intestinal  canal  of  all  the  diflfcrcnt  Intestinal  Animal 
has  developed,  phylogenetically,  from  one  common  an 
extremely  simple  primitive  intestine,  from  the  intestini 
cavity  of  the  Gastnea,  that  primEeval  common  parent-fonS 
which  is  at  the  present  reproduced,  in  accordance  with  t 
fundamental  law  of  Biogeny,  in  the  gastruU.  The  second, 
the  special  conclusion,  which  U  connected  with  the  formw, 
is  deductive,  and  may  be  stated  thus :  The  intestinal  canal 
in  Man  as  a  whole  is  homologous  with  the  intestinal  cmuU' 
in  all  other  animab ;  it  has  the  same  original  significance 
and  has  developed  from  the  same  rudimentary  fm-m."' 

Before  proceeding  to  trace  the  history  of  the  develop 
muut  iif  the  human  intestinal  canal  in  detail,   it  will  i* 
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Tiefly  to  get  a  correct  idea  of  the  more 
general  conditions  of  tlie  formation  of  the  intestinal  caDsJ 
in  the  developed  Man,  Not  until  tbis  is  known  can  the 
development  of  tlie  several  parts  be  correctly  understood. 
{CC  Plates  IV.  and  V.,  vol.  i.  p.  321.)  The  intestinal  canal  in 
the  developed  Man  is,  in  all  essential  points,  exactly  similar 
in  form  to  those  of  all  other  higher  Maumiala,  and.  especially, 
to  that  of  the  Catarhines,  the  Narrow-nosed  Apes  of  tlie 
Old  World.  The  entrance  to  the  Intestinal  canal  is  thu 
muuth-opening  (Plate  V,  Fig.  10,  o).  Food  and  drink  pass 
riret  through  this  into  the  mouth -cavity,  in  the  lower  part 
of  which  is  the  tongue.  Tlie  human  month-cavity  is  hedged 
with  thirty-two  teeth,  attached  in  two  rows  to  the  two  jaws, 
the  upper  and  lower.  It  has  already  been  stated  that  the 
Bcries  of  teeth  is  formed  in  Man  exactly  as  in  the  Catarhine 
Apea,  but  diifera  from  the  corresponding  part  in  all  other 
animals  (p.  173),  Above  the  mouth-cavity  is  the  double 
nose-cavity ;  the  two  parts  of  this  are  separated  by  the  par- 
tition-wall of  the  palate.  But,  as  we  have  seen,  the  nasal 
cavity  is  not  originally  separated  at  all  from  the  mouth- 
cavity,  a  common  nasal  and  mouth  cavity  being  primarily 
formed  in  tlie  embryo,  and  this  separates  at  a  later  period 
into  two  separate  stories  by  the  hard  jja late-roof :  the  upper 
h  the  nasal  cavity,  tlie  lower  is  the  mouth-cavity.  Tlie  nasal 
cavity  is  connected  with  certain  air-filled  b<jny  cavities; 
ibe  jaw-cavities  in  the  upper  jaw,  the  frontal  cavities  in 
jhe  frontal  bone,  and  the  sphenoid  cavities  in  tlie  sphenoid 
bone.  Numerous  glands  of  various  kinds  open  into  the 
mouth-cavity,  particularly  many  small  mucous  glands  and 
Uiroo  pairs  of  large  salivary  glands. 

The  human  mouth-cavity  is  half  closed  at  the  back  by 
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the  vertical  curtain  which  we  call  the  Hoft  ]ialat«,  and  i 
the  centre  of  the  lower  part  of  which  is  situated  ' 
uvula.  A  glance  with  the  mouth  open  into  a  mirror  I 
sufficient  to  show  the  form.  The  uvula  ia  of  import&nc 
because  it  occurs  only  iu  Men  and  in  Apes.  On  both  s 
of  the  soft  palate  ara  the  tonsils  (lonsUke).  Through  t 
^te-like  arched  opening  situated  beneath  the  soft  ]\nlM 
we  pass  into  the  throat-cavity  (pharynx;  Flate  V.  ] 
Mi,  bA),  which  lies  behind  the  mouth -cavity.  This  is  ( 
partly  visible  in  the  open  mouth  when  ttiflected  in  1 
mirror.  Into  the  throat-cavity  a  narrow  passa^  opens  oi 
each  side  (the  Eustachian  tube  of  the  ear),  which  '. 
directly  into  the  tympanic  cavity  of  the  oar  {Fig.  214.*, 
p.  2fl0).  The  throat-cavity  is  continued  into  a  long 
narrow  tube,  the  gullet  (ccsophaguB,  ar).  Through  thi* 
the  masticated  and  swallowed  food  passes  down  into  the 
stomach.  The  wind-pipe  {trachea,  Ir)  also  opens  into  tic 
upper  part  of  the  throat,  and  leads  thence  to  tbe  lun^ 
The  opening  of  this  ia  protected  by  the  epiglottis,  over 
which  the  food  passes.  The  respiratory  organs,  the  t*i> 
lungs  (Plate  IV.  Fig.  8,  lu),  are  situated,  in  Man,  as  in  all 
Mammals,  in  the  right  and  left  sides  of  the  breast.cavitv 
{tltorax),  and  midway  between  them  is  the  heart  (Fig. 
8,  hr.  Id).  At  the  upper  end  of  the  wind-pipe  (inufiea}. 
lielow  the  epiglottis  just  spoken  of,  is  a  peculiarly  difTcT' 
tntiated  section,  the  larynx,  which  is  protected  by  a  carti- 
laginous fraroa  The  larynx  is  the  most  important  org&n 
of  the  human  voice  and  npeech,  and  also  develops  from  a 
part  of  the  intestinal  canal.  In  front  of  the  larynx  lies  the 
thyroid  gland  (tkifreoulca),  which  occasionally  enlarges  to 
the  so-called  "  goitre." 
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The  gullet  {(Kiophngus)  passes  downward  thi-oiigli  the 
thorax,  along  the  vertebral  column,  behind  the  lunga  and 
thu  heart,  and  ent<;i-s  the  ventral  cavity,  after  penetrating 
the  liiaphragm.  The  latter  [Fig,  1(!,  3)  is  a  menibranmis 
tnuscniar,  transverse  pai'tition,  which  in  all  Mammals  (and 
n\]y  in  these)  completely  separates  the  chest-cavity 
[thorax,  c)  from  the  ventral  cavity  (r,).  As  haa  been  said, 
this  di%~ision  does  not  originally  exist;  at  first  a  common 
chest  and  ventral  cavity,  the  cteloma,  or  the  pleuni- 
peritoneal  cavity,  is  formed  in  the  embrj-o.  It  is  only 
■fterwards  that  the  diaphragm  forms  a  nmsciUar,  horizontal 
partition  between  the  chest  and  the  ventral  cavities,  This 
partition  tlien  completely  separates  the  two  cavities,  and 
is  [lenetratod  only  by  separate  oi^ns,  passing  tluougli  the 


Piu.  37S. — BniKBii  Dlomnch  nnil  irHll-<nteatiiii>  in  luii([iliidiiiiil  lectiam 
I.  CviIm  (Uniit  of  the  CB>nphn^iu)i  b.  tilniluB  (tj|iD<)  KtIO  of  the  Mt  Mf)  ; 
'.  pjlonu  foWj  d,  pylorus  ralvoi  •.  pylomf-cHTty:  /irh.  irftl1-iiit«stin»i 
i,  moDlh  nf  liu>  irnl]-<lacl  ami  of  the  pHDfrtn*  dDct.     (Atler  U.  Mejer.) 

ehf!*t-eavity    into   the   ventral  cavity.     One   of    the   most 

imtwrtant  of  these  organs  is  the  gullet  {femphofjw).    After 

'fhi»  haa  paused  through   the  diaphragm   into  the  ventral 

ity   it   enlarges   Into  the   atoniacli   io   which   dig6Btif« 
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es[)ecia1Iy  takes  place.  The  stomaclt  of  an  vlult  mU 
(Fig.  275,  Plato  v.  Fig.  16,  vng)  is  an  oblong  sac,  plaon 
somewhat  obliquely,  the  left  side  of  whieh  widcn-i  in 
a  blind-sac,  the  batte  of  the  stomach  or  fundus  {b),  while  tl 
right  side  naiTows,  and  passes  at  the  right  eod.  c&llei 
the  pylorus  (c),  into  the  small  intestina  Between  these  t" 
(tarts  of  the  intestine  is  a  valve,  the  pyloric  valve  (d),  whidi| 
only  opens  when  the  food-pulp  (chyme)  passes  from  tl 
stomach  into  the  small  intestine.  The  stoioach  it«eli  is  tl 
moat  important  digestive  organ,  and  serves  espt'cially  to 
dissolve  the  food.  The  muscular  wall  of  the'  stomach  i 
comparatively  thick,  and,  on  the  outside,  has  strong  musc)»< 
layers,  which  eSect  tlie  digestive  movements  of  thft 
stomach ; — on  tlie  inside,  it  has  a  great  number  of  anial 
glands,  the  gastric  glands,  which  secrete  the  gastric  juice. 

Next  to  the  stomach  follows  the  longest  part  of  the 
whole  intestinal  canal,  the  central,  or  small  inlestinf 
{chylogastur).  Its  principal  function  is  to  effect  the  abaoqy 
tion  of  the  fluid  mass  of  digested  food,  or  the  food-pulp 
(chyme),  and  it  is  again  divided  into  several  sections,  Uw 
first  of  which,  the  one  immediately  following  the  stomadLi 
is  called  the  gall- intestine,  or  "twelve-finger  inte»tiDe* 
{duodenum,  Fig.  275,  fg  A).  The  gall-intestine  forms  a  short 
loop  curved  like  a  horse-shoe.  The  largest  glanda  of  tlw 
intestinal  canal  open  into  it:  the  liver,  the  mosl  inipjrtaut 
digestive  gland,  which  furnishes  the  bile,  or  gall,  and  a  vcij 
large  salivary  gland,  the  ventral  salivary  gland,  or  pancrcai^ 
which  secretes  the  digestive  saliva.  Both  of  these  gluidi 
pour  the  juices  they  secrete,  the  bile  and  pancreatic  juici^ 
into  the  duodenum  (i)  near  each  other.  In  adults  the  liv«r 
is  a  very  large  gland,  well  supplied  with  bloo«l,  lying  on  tbe^ 


THE    HUMAN    INTESTINAL    CANAL.  jtg 

right  side  immediately  below  the  diaphragm,  and  separated 
by  the  latter  from  the  lungs  (Plate  V.  Fig.  16,  lb).  The 
pancreas  tiea  somewhat  further  back  and  more  to  the 
left  (Fig,  IG,  p).  The  small  intestine  is  so  long  that  it 
haa  to  lie  in  many  folds  in  order  to  tind  room  in  the  limited 
space  of  the  ventral  cavity ;  these  coils  are  the  bowels. 
Tbey  are  divided  into  an  upper  intestine,  called  the  empty 
intestine  (Jejv/num.),  and  a  lower,  the  crooked  intestine 
(ilium).  In  this  latter  part  lies  that  part  of  the  small 
intestine  at  which,  in  the  embryo,  the  yelk-sac  opens  into 
the  intotttinal  tube.  This  long,  thin  intestine  then  passes 
into  the  birge  intestine,  from  wliich  it  is  separated  by  a 
peculiar  valve.  Directly  behind  this  "  Bauhinian  valve  " 
the  first  part  of  the  large  intestines  forma  a  broad  pouch- 
like  expansion,  the  blind  intestine  (cfficum),  the  atrophied 
extremity  of  which  is  a  well-known  rudimentary  organ,  the 
I i form  process  {processus  vermij'ormis).  The  large 
intestine  (colon)  con^sts  of  three  parts,  an  ascending  part 
on  the  right,  a  transverse  central  part,  and  a  descending 
part  on  the  left.  The  latter  finally  cur\'e3  like  an  S,  called 
ihe  "sigmoid  flexure,"  into  the  last  part  of  the  intestinal 
eanal,  above  the  rectum,  whidi  opens  at  the  back  by  the 
onus  (Plate  V.  Fig.  IG,  a).  Both  the  large  intestine  and 
Uie  small  intestine  are  fumiKhed  with  numerous  glands, 
most  of  them  very  suiall,  and  which  secrete  mucous  and 
other  juices. 

Along  the  greater  part  of  its  length  the  intestinal  canal 
attached  to  tlie  inner  dorsal  surface  of  tlie  vential  cavity, 
to  the  lower  surface  of  the  veiiehiai  column.  It  is 
by  means  of  the  thin,  ntemhrauoua  plate,  called  the 
',  which  develops   directly    under  tlie  notochord 
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from  the  intestinal-fibrous  layer,  at  Uie  point  where 
curves  into  the  outer  lamina  of  the  side-layer,  into 
Bkin-fibrou8  layer  (Plate  IV,  Fig.  5,g).  The  curving-poi 
was  distinguished  as  the  middle-plate  (Fig.  99,  vip).  Tl 
mesentery  is,  at  first,  very  short  (Plate  V,  Fig.  14,3)  i  ^^ 
soon  lengthens  considerably  at  the  central  pai*t  of  the  iatm- 
tinal  canal,  and  takes  the  form  of  a  thin,  transparenl 
membranous  plate,  whiclj  has  to  be  the  more  extcoded  1 
further  the  fulJs  of  the  intestine  diviir^-e  from  the  pli 
where  they  are  first  attached  to  the  vertebral  column.  T 
blood-vessels,  lymphatic  vessels,  and  ncrvea  which  enl 
the  intestinal  canal  traverse  this  mesentery. 

Although,  therefore,  the  intestinal  canal,  in  the  adt 
human  being  forms  an  extremely  complex  organ,  a 
though  it  shows  in  its  details  so  many  intricate  and  delict 
structural  arrangements, — into  wliich  we  cannot  enl 
here, — this  entire  structure  has  developed,  historically 
from  that  simplest  form  of  primitive  intestine  wliic 
was  possessed  by  our  gastnead  ancestors,  and  which  tl 
extant  gastrula  now  exhibits.  We  have  already  shown  (I 
Chapter  VIII.)  that  the  peculiar  Hood-gastrula  (Ampk 
gaetrula)  of  Mammals  (Fig.  277)  may  be  referred 
to  the  original  BcU-gastruIa  {Areh\gaMtrvla)  form,  wbii 
among  Vertebrates,  is  now  accurately  retained  solely  I 
the  Amphioxus  (Fig.  276  ;  Plate  X.  Fig.  10). 

Like  the  latter,  the  gastrula  of  Man  and  of  all   Mai 
mais   must  be    regarded   as   the   ontogenetic   reprodnclioi 
of   that   phyiogenetic    evotution-fonn   which    we   call   tlii 
Gastnea,   and   in  which  the  whole  body  of  the  animal 
intestine. 

The   peculiar   form   and   mode  in   which    the  eompl 
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I  bunian  iDtesltital  canal  develops  from  the  simplt:  gastrula 
I  and  which  ja  similar  to  that  in  other  Mammals,  can  there- 
I  fore  be  only  correctly  understood  when  it  is  congidered  tn 
I  the  light  of  Phylogeny.     We  must,  accordingly,  distinguish 


gio    V16 — Archfnstmln  of   Amphozna  (n   I  Dtfiluit  dkI  lecl    d)      I 
m  t  re  intestine     0  pr  m  t  ve  mmilh         ntest  nnl  layer    «  Hlnn  layer 
Tio   277  — AmpbigHHlrola  of  Mammal  (  n  lung  tud  sal  aeetios)      Tbe 

pnmiUie  inteitine  (d)  and  pmnitire  moutb  ('■)  are  filled  up  by  tho  cells  ul 

Uic  intcatimil  lajtrr  (■') ;  e,  Hkin-lajer. 

Ijvtween  Uie  original  primary  intestine  ("the  primitive 
intestine,  or  protog'ielrr")  of  tlie  Skull-less  Animals 
{Acranui),  and  the  differentiated  or  secondary  intestine 
("after  intestine,  or  niHof/astcr")  of  the  Skulled  Animals 
{Craniota).  Tho  intestine  of  the  Amphioxus  (the  repre- 
sentative of  the  Acrania)  forms  no  jelk-satf,  and  develops, 
palingcnetieally.  from  the  entire  primitive  intestine  of  the 
gastrula.  Tlio  intestine  of  the  Skulled  Animals,  on  the 
other  hand.  ha«  a  modified,  kenogenetic  form  of  evolution, 
»nd  diSerentiates  at  a  very  early  period  into  two  different 
|MUt8  :  into  the  pemianent  secondary  intei^tinc,  which  alone 
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gives  litie  to  the  various  parts  of  the  diSerentiateil  irtestim 
Rystcm,  and  the  transient  yelk-sac,  which  aeires  only  as  I 
utiorehouae  of  materials  for  the   building  of   the  etnhr) 
The  yclk-s&c  attains  its  greatest  development  in  Primitnl 
Fishes   {SdackU),  Bony   Fishes   (TeUoatei),    Reptiles, 
Birds.     In  Mammals,  and  especially  in   Placental  Anin 
it  is  atrophied.     The  peculiar  intestinal  development  of  ft 
Cyclostomi,  Ganoids,  and  Amphibia  must   be  regarded  I 
an  intermediatfi  form,  between  the  palingenetic  intestinal'] 
development   of  the  Skull-less  animals,  and   the   kenoge*! 
netic  intestinal  development  of  the  Amnion  Anitoals  (jlm>  J 
niota).^ 

We  have  already  seen  in  what  a  peculiar  way  i 
development  of  the  intestine  takes  place  ontogenetically  i 
the  human  embryo  and  in  that  of  other  Mammal&  Imm 
diately  from  the  gastrula  of  these  originates  a  globul 
intestinal  germ-veaicle  (rjastrocyslis),  filled  with  fluid  (Fig 
72,  73,  vol  i,  p.  289).  In  the  wall  of  this  is  formed  tl 
lyre-shaped  germ-shield,  on  the  lovrer  side  of  which,  aloi 
the  midillc  line,  appears  a  shallow  groove,  the  firet  ) 
ment  of  the  future,  secondary 'intestinal  tube. 

This  intestinal  groove  grows  constantly  deeper,  and  i 
edges  curve  toward  each  other,  to  grow  together  at  lost  « 
form  a  tube  (Fig.  100,  vol  i.  p.  333).  The  waJI  of  th 
secondary  intestinal  tube  consists  of  two  membranes  of  ti 
inner,  intestinal-glandular  layer,  and  of  the  outer,  intRstinall 
fibrous  layer.  The  tube  is  completely  closed  at  the  ent 
having  only  an  opening  in  the  centre  of  the  lower  wal^' 
by  which  it  ia  connected  with  the  intestinal  genu-t 
(Plate  V.  Fig.  14).  The  latter,  in  the  course  of  duvelopmenfc 
becomes  continually  smaller,  as  the  intestinal  canal  continurt 
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1*1  grow  larger  and  more  perfect.  While,  at  first,  the  mtes- 
ilaal  tube  appears  onlj  as  a  little  appendage  on  one  side  of 
the  great  intestinal  germ-vesicle  (Fig.  278),  the  remnant  of 
the  latter  afterwards  forms  only  a  very  inconsiderable  appen- 
<lage  of  the  great  iutestinaJ  canal.  Tlus  appendage  is  tlie 
yelk-sac,  or  navel-vesicle.  It  entirely  losos  it«  importance, 
and  at  length  disappears,  while  the  inteatinal  canal  is  finally 
closed  at  the  original  central  opemng,  where  it  forms  the 
so-called  intestinal  navel  (Fig.  94,  vol.  i.  p.  312). 

It  has  also  been  sjiid  that  this  simple  cylindrical  intestinal 
tube,  in  Klan  as  in  all  Vertebrates,  is  at  first  entirely  closed 
at  both  ends  (Plate  V.  Fig.  14),  and  that  the  two  permanent 
openings  of  the  intestinal  canal — at  the  anterior  extremity, 
the  mouth,  at  the  posterior,  the  anus — form  only  second- 
arily, and  from  the  outer  skia  At  the  fore  end,  a  shallow 
moath-fiuTOW  originates  in  the  outer  skin,  and  this  grows 
toward  the  blind,  anterior  end  of  the  head  intestinal  cavity, 
into  which  it  finally  breaks.  In  the  same  way  a  shal- 
low furrow  for  the  anus  is  formed  behind  in  the  skin, 
and  this  soon  grows  deeper,  and  grows  toward  the  blind 
posterior  end  of  the  pelvic  intestinal  cavity,  with  which  it 
finally  unites.  At  both  extremities  there  is,  at  first,  a  thin 
partition  between  the  outer  skin-furrow  and  the  blind  end 
of  the  intestine,  and  this  disappears  when  the  opening  is 
made.'* 

Diroctly  in  front  of  the  anus  the  allantois  grows  out  of 
tho  posterior  intestine;  this  is  the  important  embryonic 
appendage  which  develops,  in  Placental  Animals,  and  only 
(n  these  (thus  in  Man  too)  into  the  placenta  (Figs.  278, 279,  l ; 
Plate  V.  Fig.  14,  at).  In  this  more  developed  form — repru- 
kc'nl«d  in  the  diagram  (Fig.  D4,  j,  vol.  i.  p.  312) — the  intestinal 
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canal  of  Man,  like  that  of  all  other  Mammals,  now  forats  t 
alightly-curved,  cylindrical  tube,  which  has  an  opening  ■ 
both  ends,  and  from  the  lower  wall  of  which  de|>end  t 
Bftcs;  the  anterior  navel-bladder,  or  yelk-aac,  and  the  pj» 
terior  allantoia,  or  primitive  urinary  sac. 

Microscopic  observation  shows  that  the  thin  wail  of  thisi 
simple  intestinal  tube  and  of  its  two  blailder-like  append-F 
ages  is  composed  of  two  distinct  cell-strata  The  inner,! 
whicli  coats  the  entire  cavity,  conisists  of  larger,  darker  cell^l 


-t^^^>^ 


Fio.  27«.— nnmBij  pmbryo  o!  the   third   week,  with  tho  Ktnnifra  * 
nlluntuia.     The  gi¥Bt  fj-lDbnlur  }'elk-e>o  is  bKlow,  the  blitddpr-liko  kllutuil 
on  the  right ;  them  are  ils  yet  uo  Uintis.    The  gem',  with  its  afiprndagva.  N 
cDolused  in  tlie  tufted  incmbrSDe  (churinn). 

Frc.  279.^Qnmaii   omhrfo,   with  aiunion  nuil    alUntoi^  in   th«  fiia 
week.    (After  Knuac)    The  ainniim  (lo)  liu  yn-lty  ctoae  to  tbo  UaJ;. 
p«Uer  part  uf  th?  velfc-siLO  id}  Iim  beeo  lorn  BHaj-.    Bohioi)  Ibia  the  > 
(oia  ^ipean  aa  u  inull  pcer-Bha,pc^d  blkdder.     Anna  t/)  and  1«| 
Mirrsdf  cdnimpni-'ed  ^  ■■.  f'ire.bra>n :  :.  IwixUbrain ;  m,  inid-bi«{i> ;  k,  t 
bnUn  i  K,  nftiT-braiii ;  a,  eye ;  k,  three  gill-urchoe ;  r,  heart ;  *,  tw 
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and  ia  the  intestinal-glandulax  layer.  The  or.tcr  stratum 
cooBiats  of  lighter,  smaller  celb,  and  is  the  intestinal  fibrous- 
t&yer.  The  cavities  of  the  mouth  and  the  anus  are  tlie  only 
exceptions  to  this,  because  they  originate  from  the  outer 
akin.  The  inner  cell-coating  of  the  entire  mouth-cavity  is 
therefore  furnished,  not  by  the  intestinal  glandular-layer, 
but  by  the  skUi-sensory  layer,  and  its  muscular  lower  layer, 
not  by  the  intestinal-tibrous  layer,  but  by  the  skiu-6brous 
layer.  This  is  equally  true  of  the  wall  of  tlie  anal  cavity 
(Plate  V.  Fig.  15). 

If  the  question  be  asked,  what  relation  these  component 
.gerrn-kyers  of  the  primitive  intestinal  wall  bear  to  the 
infinitely  varied  tissues  and  organs  winch  we  afterwards 
find  in  the  developed  intestine,  the  answer  is  extremely 
nmple.  The  relations  of  these  two  layers  to  the  fonnatioa 
wad  diBerentiation  of  the  tissues  of  the  intestinal  canal  with 
kU  its  parts,  may  be  condensed  into  a  single  sentence:  The 
intestinal  epithelium,  that  ia,  the  inner,  soft  cell-stratum 
which  coats  tlie  cavities  of  the  intestinal  canal  and  of  all  its 
Appendages,  and  which  dii-cctly  accomplishes  the  nutritive 
proocas,  develops  solely  from  the  intestinal -glandular 
b^«r;  on  the  contrary,  all  other  tissues  and  organs  belong- 
ing to  the  intestinal  canal  and  its  appendages,  proceed  fiom 
the  intestinal-fibrous  layer.  From  this  latter,  therefore, 
originates  the  entire  outer  covering  of  the  intestinal  tube 
&nd  it«  appendages ;  the  fibrous  connective  tissue  and  the 
smooth  muscles  which  compose  its  fleshy  skin ;  the  carti- 
lages which  support  tliese,  for  examjile,  the  cartil-ige  of  the 
larynx  and  of  the  tritchea ;  the  numerous  blood  and  lymph 
vesHoU  which  absorb  nuliitiun  fram  tlie  wall  of  the  intestine; 
in   ohort,  everything    btiluuging  to  the  intctitino,  with  tlie 
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exception  of  the  iDtestina!  epitbelium.  From  the  intestinal 
fibrous  layer  originates  abo  the  entire  owsentery  with  i 
the  adjacent  parts,  the  heart,  the  large  Hood-vesselB  of  ti 
body,  etc.  (Plate  V.  Fig.  16). 

Let  us  now  turn  aside  for  a  moment  from  this  original 
nidimcntary  intestine  of  Mammals,  in  order  to  institate  ■ 
comparison  between  it  and  the  intestinal  canal  of  iboa 
lower  Vertebrates  and  Worms,  which  we  have  learned  to 
recognize  as  the  ancestors  of  Man.  Id  the  simplest  Gliding 
worm,  or  Turbellaria  (Rhabdorccluin,  Fig.  280),  we  Sod  i 
very  simple  intestinal  form.  As  in  the  gastnila,  the  i 
tine  in  these  Worms  is  a  simple  pouch  with  a  single  open 
ing,  which  latter  acts  both  as  mouth  and  anus  (rn).  Tin 
intestinal  pouch  has.  however,  difforentiated  into  two  see 
tious,  au  anterior  throats  intestine  (sd)  and  a  postcri 
stomach -intestine  (d).  Tliis  differentiation  becomes  mo 
important  in  the  Ascidia  (Fig.  281)  and  in  the  AmphioxtH 
(Fig.  282),  which  connects  the  Wonns  with  the  VertebraiM 
In  these  two  animal  forms  the  intestine  la  essentiallv 
identical;  the  anterior  portion  forms  the  respiratoiy  gilt 
intestine,  the  posterior  Ibims  the  digestive  atomach-ij 
tins.  In  both  it  develops,  palingenetically,  directly  from  tbt 
primitive  intestine  of  the  gastnila  (Plate  XL  Figs.  ♦,  101 
But  the  original  mouth-opening  of  tho  gastnila,  or 
the  primitive  mouth,  afterwards  closes,  and  in  its  place  is 
formed  the  later  anus.  In  the  same  way,  the  moutli* 
opening  of  the  Amphioxus  and  of  the  Ascidian  is  a  i 
formation,  as  is  the  mouth-opening  of  Man,  and  genenlly, 
of  all  Skulled  Animals  (Craniotd).  The  secondary  I 
tion  of  the  mouth  of  the  Lancelet  is  connecteil.  as  may  b 
conjectured  with  some  probability,  with  the  tunitaUon  < 
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tho  gill-Openings,  which  appear  directly  behind  it  on  the 
intestine.     The  front  portion  of  the  inteatiae  has  thus 


Flo.  280. — A  simpte  Gliding  Worm  (Rhahdneis'vm')  m,  moDthi  id,  throat- 
epitbeliuni i  im,  thrLiut  mnaule.maiB:  d,  atomacb-iuteatine ;  nc,  renal  duels; 
/,  ciliated  onMr-akin  ;  nm,  openings  of  tho  latter  ;  au,  rye;  «a,  nose-pit. 

FlO.  281.—  Btmclare  of  an  Aecidian  (aven  from  the  It^tt  aide,  aa  in  Plate 
XI.  Tig.  14).  The  dorsal  Bide  is  turned  towani  tbc  ri^lit.  tho  Tonlrnt  Bide  to 
the  loft;  the  monlh.openinji  (n)  is  akwire ;  at  tho  op|H>iiitP,  (ail  end,  the 
a*eidian  has  become  adherenl.  Tho  |;ill-intostine  (fr),  jicrftimted  hy  many 
opoaings,  extanda  into  the  atuninch.iutOHtine.  Tho  tcrmiiiBl  intpstioe 
opens  tbroDgh  the  anas  {a)  into  the  Ki11-<'nTily  (rl),  frcitn  which  the  exere. 
nwDt  is  patMd  out  with  tho  roapimieci  walor  thniuj^h  iho  gill.pon!,orck)aeal 
oponinit  («'( ;  m,  manlle.     (After  CJogenbatir.) 


if 
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become  a  respiratory  organ.  I  h&vc  nJreatl^  pointed  out 
how  cliaracteristic  this  adaptation  is  of  Vertelirates  and 
Mantle  Animals  {Tunicaia,  p.  87)-  The 
ph;>-togenetic  origin  of  thu  ^U-openinga 
dicates  the  beginning  of  a  new  epocli  ia 
tlie  tribal  history  of  Vertebrates. 

The  most  important  process  we  lOMfc 
with  in  the  further  ontogenetic  dovelopmeni 
of  the  intestinal  canal  in  the  human  embrj'Oa 
is  the  origin  of  the  gill-openings.  At  tluf 
liead  of  the  human  embryo,  tlie  wall  of  tbK 
throat  very  early  unites  with  tlie  out<;r  wi 
ot^the  body,  and  four  openings  then  form 
on  the  right  and  left  sides  of  the  necl 
behind  the  mouth,  and  these  lead  directlj 
from  without  into  the  throat-cavity.  Tbe« 
openingt  are  the  gill-opening8,  and  the  pal^ 
tibions  separating  them  are  the  gill-archt 
(Figs.  116-118,  vol  i.  p  356;  P!al«s  L 
and  V,  Fig.  15,  ka).  These  embryonic  foP 
mations  are  very  interesting ;  for  tiiey 

Fro.  28S.—LhBeeleHAmjihinn*  la.••trotttttt^^. 
tliu   naliml  site,  wen  tram  the  lofi  uilc  ^tbo  hiagl 
tudijiftl  Kiia  it   perpendicular,   the   iniKilh  t>n<l  ai*m 
tho  (Mil  and  bolow  (u  in  Pluo  XI.  Fig-  16)  : 
□poning,  Btirniunded   hy  IjrittleR  i   b.  anal  up 
gia-pme  iponu  branthiolis) :  d.  gitt-bnlj ;  r, 
/,  lirer:   ;,  smtdl  intestine;  ^.  |rill-«w'ity  i  i.  1 
Iwlriir  which  iH  tli«  aortki  i.  aortal  arch ;  I,  i 
<if  ibe  gill-HTlLTT ;   'H.   nwellingi  on   the  hrandu*  4 
llii'UiUTi   1.  builuw  vein ;  a,  iotaiaina]  reia. 

thnt  all  the  higher  Vertebrates  when  in  a  very  young  ■ 
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reproduce,  in  accordance  wHli  the  fundamental  principle  of 
Biogeny,  the  same  process  which  was  originally  of  the 
greatest  importance  to  the  development  of  the  whole  verte- 
brate tribe.  This  process  was  the  diOerentiation  of  the 
intestinal  canal  into  two  sections :  an  anterior,  respiratory 
part,  the  gill-intestine,  which  serves  only  for  breathing, 
and  a  posterior,  digestive  part,  the  stomach-intestine,  which 
serves  only  for  digestion.  As  we  meet  with  this  very 
characteristic  differentiation  of  the  intestinal  tube  into  two, 
physiologically,  very  distinct  main  sections,  not  only  in 
the  Amphioxus,  but  also  in  the  Ascidian  and  the  Appen- 
dicularia,  we  can  safely  concluiJe  that  it  also  e]dsted  in 
our  common  ancestors,  the  Chorda  Animals  {Chordoma), 
especially  aa  even  the  Acorn  Worm  (Balanogloasus)  has 
it  (Fig.  186,  p.  86).  All  other  Invertebrate  Animals  are 
entirely  without  this  peculiar  arrangement. 

The  number  of  the  gill-openings  is  still  vciy  large  in  the 
Aniphioxus,  as  in  Ascidiana  and  in  the  Acorn  Worm.  In 
the  Skulled  Animals  it  is,  on  the  contraiy,  very  much 
lessened.  Fishes  mostly  have  from  four  to  six  paira  of  gill- 
openings.  In  the  embryos  of  Man  and  the  higher  Verte- 
brates also,  only  thi-ee  or  four  pairs  are  developed,  and  these 
appear  at  a  very  early  period.  The  gill-openings  are  perma- 
nent in  Fishes,  and  atfoid  a  passage  to  the  water  which  has 
been  breathed  in  through  the  mouth  (Figs.  191.  U)2,  p.  1 13 ; 
Plate  V.  Fig.  13,  lea).  On  the  other  hand,  tlie  Amphibians 
lose  them  partially,  and  all  the  higher  Vertebrates  entirely. 
In  the  latter,  only  a  single  vestige  of  the  gill-openings  remains, 
the  remnant  of  the  first  gill-opening.  This  changes  into  a 
jiart  of  the  organ  of  hearing ;  from  it  originates  the  outer 
•ar-canal,  the  tympanic  cavity,  and  tlie  Eustachian   tube. 
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We  bave  already  coQsiilured  thU  remarkable  fonnation,  ami 
will  only  call  attentioa  once  more  to  the  interesting  fact  that 
the  human  middle  and  external  ear  is  the  la&t  remnant 
of  the  gill-opening  of  a  Fish.  The  gill-arches,  also,  which 
separate  the  gill-openings,  develop  into  very  various  parti. 
In  Fishes  they  remain  permanently  as  gill-arches,  carrying 
the  respiratory  gill-tufta ;  so  abo  in  the  lowest  Amphibia; 
but  in  the  higher  Amphibia  tliey  undergo  various  modiflca- 
tions  in  the  course  of  development,  and  in  all  the  three 
higher  vertebrate  classes,  Uius  also  in  Man,  the  tongue-bone 
(oa  kyoidea)  and  the  bonclets  of  the  ear  originate  fiom  the 
gill-arches.     (Cf.  Plates  VI.  and  VII.) 

Fi-ora  the  first  gill-arch,  from  the  centre  of  the  inner 
surface  of  which  the  muscular  tongue  grows,  proceeds 
the  rudimentary  jaw-akeleton ;  the  upper  and  lower  jaws 
hich  unclose  the  cavity  of  the  mouth  and  carry  the 
teeth.  The  Acrania  and  Monorhina  are  entirely  destitute 
of  these  important  partA.  They  first  appear  in  the  genuine 
Fishes,  and  have  been  transmitted  by  these  to  the  higher 
Vertebrates.  The  original  fonnation  of  the  human  mouth- 
skelelon,  of  the  upper  and  lower  jaws,  can  thus  be  traced 
back  to  the  earliest  Fishes,  from  which  we  have  inherited 
them.  The  teeth  originate  from  the  outer  skin-covering 
which  covers  the  jaws^  for,  as  the  formation  of  the  whole 
mouth-cavity  takes  place  from  the  outer  germ-layer,  the  teeth 
must,  of  course,  also  have  dcvelojted  originally  from  the  skin- 
layer.  This  can  be  actually  proved  by  close  microscopic 
examination  of  the  most  delicate  structural  features  of  the 
teetii.  The  scales  of  Fishes,  especially  of  Sharks,  are,  in 
this  respect,  exactly  similar  to  their  teeth  (Fig.  283).  Thus 
the  huiaan  teeth,  in  their  earliest  origin,  arc  mridilicd  fish- 
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scalu3.'*  Oil  similar  gi-ounds  we  must  regard  the  aalivaiy 
glands,  which  open  into  the  mouth-cavity,  as  really  outer- 
akin  (epidermic)  glands,  which  have  not  developed,  like  the 
other  intestinal  glands,  from  the  intestinal-glandular  laV' 
of  the  intestinal  canal,  but  from  the  outer  skin,  from  tb* 
hom-plate  of  the  outer  germ-layer.  It  is  evident  that, 
the  mouth  develops  in  this  way,  the  salivary  glands  must 
be  placed  genetically  in  the  same  series  witli  the  sweat* 
sebaceous,  and  milk  glands  of  the  epidennis. 

The  human  intestinal  canal 
therefore   quite    as    simple   in 
original  formation  a^  the  priroitiv* 
1  intestine  of  the  gastrula.      It  also 
'  resembles  that  of  the  lowest  Wonofc 
F  /  It  then  ditferentiates  into  two  ««• 
""k  tioDS,  an  anterior  gill-int»'stine.  and 
L  a  posterior  stomach- intestine,   like 
I  the  intestinal  canal  of  the  Lancelet 
and  the  Ascidian.      By  the  develop- 
ment of  the  jaws   and   giU-arch« 
modified    into  a   true   Fiah- 
intestine.    Afterwards,  however,  the 
gill- intestine,  which  is  a  memorial 
of  tlie   Fish -ancestors,  a^  such,  in 
entirely  lost.   The  parts  that  rcmaia 
tthnk [Cmtnpkortu  talct-s).  take  a  wholly  ditferent  form;  but 
{)neoolirhomb..rdbo»ie.iabiet,  QQt„it}igt_anding  that  the  anterior 


m 

m 


(Afier  Gt-Konbaur.)  surrenders     entirely      its    original 

form  of  gill-intestine,  it  yet  retains  its  physiological  funfr-' 
lion   as   a    respiratory   intestine;     for  the  extromuly   io" 
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leresting  Mid  remarkable  discovery  is  now  made  tliat  eveD 
the  pennanent  respiratoi-y  organ  of  the  higher  Vertebrates, 
the  air-bi-ea thing  lungs,  has  also  developed  from  this  anterior 
•ection  of  the  intestinal  uanal.  Our  lungs,  together  with 
the  wind-pipe  {traclwu)  and  the  larynx,  develop  from  tlie 
ventral  wall  of  the  anterior  intestine.  This  entire  great 
breath irjg-apparatns,  wliii;h  occupies  the  greater  part  of 
the  chest  (tlMvax)  m  the  developed  Man,  is  at  first  merely 
a  very  small  and  sinijile  vesicle  or  sac,  which  grows  out 
from  the  intestinal  canal  immediately  behind  the  gills,  and 
Boon  separates  into  two  lateral  halves  (Figs.,  2S4,  c,  285,  c ; 
Plate  V.  Figs.  13,  15,  IG,  lu).  This  vesicle  occurs  in  all 
Vert«bi-ate5  except  in  the  two  lowest  classes,  the  Acrania  and 
Cyclostoml  In  the  lower  Vertebrates,  however,  it  develoi»s, 
out  into  lungs,  but  into  an  air-filled  bladder  of  considerable 
MMh  occupying  a  gicat  part  of  the  body-cavity  (cceloma), 
^HHwliich  ia  of  quite  a  different  significance  from  the 
^^HHc  It  serves,  not  for  breathing,  but  as  an  hydrostatic 
Apparatus:  for  vertical  swimming  movements  it  is  the 
Bwimming-bladder  of  Fish  ;  but  the  lungs  of  Man  and  of 
all  other  air-hreathing  Vertebrates  develop  from  the  same 
simple  blailder-lihe  appendage  of  the  anterior  intestine, 
which,  in  Fishes,  becomes  the  swimming-bladder. 

Originally  this  sac  also  has  no  respiratory  function,  bnt 
nerves  only  as  an  hydrostatic  apparatus,  augmenting  or 
diminishing  the  specific  giavity  of  the  body.  Fishes,  in 
which  the  swlmuiing- bladder  is  fully  develope<l,  are  able  to 
entupress  it,  and  thus  to  condense  the  air  contained  in  it 
Tho  air  sometimes  also  escapes  from  the  intestinal  canal 
through  an  air-passage  which  connects  the  swimming' 
bladJbr  with  (he  throat  (pharyTur),  and  is  expelk'd  through 
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tlie  luouth ;  in  this  way  tlic  t'ircuinferenee  of  the  Hwiiu- 
uiing-tiladder  is  diminished,  ami  the  tish  becomes  heii*"i(r 
and  sinks.  When  the  animal  \a  again  about  to  ascvml, 
the  swimming-bladder  is  distendeil  by  remitting  the  com- 


Fio.  28+.— li.lcnUne  uf  au  t^mbrjonic  Do([  (wluch  IS  reprewDle. 
137,  vd,  1.  p,  3t<£:  Hiier  Biachoif),  from  th»  Tvntnl  «J»!  o,  giU-mrol 
pain)  I  A,  rndinieDlary  throat  and  Isrjni ;  r,  lunga;  d,  stumuJi  ^ /.UWi  | 
wnlls  ot  the  opened  jelk-aoc,  iato  wbicb  thi>  roDtnl  inloslluc  nipt»»  h; 
wide  apcriure :  h,  rootam. 

Fio.  285. — Tho  sunp  Jnlettinc,  won  tmta  Ite  right  aiile  :   «,  lang>, 
■tooiooh;  r,  lirori  d,  j-elk-BDc  i  p,  rmtain. 

pressing  force.  This  hydrostatic  apparatus  begins  I 
transfonued  into  a  respiratory  or<^n  in  tho  Mud-fi 
(hipiieusto),  the  blood-vessels  in  the  wall  of  the  swr 
niing-bladder  no  longer  meix-Iy  sf!j,}ir,|ti„g  ^jf  boj  , 
inhaling  fresh  air,  which  has  comci  in  through  the  i 
passage.  This  process  is  fully  devcIop<?<i  in  allAniphiUi 
The  ori;^iual  an  imming-liladder  here  generally  ] 
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huig,  and  its  air-passnge  a  wind-pipe.  The  amphibian  lung 
has  been  transmitted  to  the  three  higher  vertebrate  classes, 
and  even  in  tlie  lowest  Amphibia  the  lung  on  either  side 
h  as  yet  a  very  simple,  transparent,  thin-walled  sac — as. 
fir  instance,  in  our  common  Water-Newta,  or  Tritons,  and 
very  like  the  swimming-bladder  of  Fishes.  The  Amphibia 
liave,  it  is  true,  two  lungs,  a  right  and  a  left;  but  in 
many  Fishes  also  (in  the  ancient  Ganoids)  the  swim- 
ming-bladder is  double,  the  organ  being  divided  into  a 
right  and  a  left  half  On  the  other  hand,  the  lung  of  the 
Ccratodus  is  single  (p.  110).  The  earliest  rudiment  of  the 
lung  in  the  human  embryo  and  in  tlie  embryo  of  all  higher 
Vertebrates  is  also  a  simple,  single  vesicle,  which  does  not 
separate  till  afterwards  into  a  pair  of  halves — the  right  and 
the  left  lung.  At  &  later  period,  the  two  vesides  grow  con- 
siderably, occupy  the  greater  part  of  the  ihest  cavity,  and  liu 
on  each  siile  of  the  heai-t ;  oven  in  Frogs  wu  tiud  that  thL' 
Btmple  sac,  in  the  coui'se  of  its  development,  is  transformed 
into  a  spongy  body  of  a  peculiar,  froUj-like  texture.  This 
lung-tissue  develops  as  a  tree-like,  branched  gland,  bearing 
berty-like  appcndagt-s.  The  process  by  which  the  lung-sac 
was  attached  to  the  anterior  intestine,  which  was  originally 
Toty  short,  lengthens,  by  simple  growth,  into  a  long  tliin 
(utH) ;  this  tulie  is  the  wind-pipe  (trachea) ;  it  ojiens  above 
into  the  thiiiat  (jihurynx),  and  below  divides  into  two 
branchca  which  pass  into  the  two  lungs.  In  the  wall  of  the 
ivind-pipe  ring-shaped  cartilages  develop,  which  keep  the 
whole  distended  ;  at  the  upper  end  of  tliia  wind-pipe,  below 
Its  entrance  into  the  throat,  Uie  larynx,  the  oi^an  of  voice 
wkI  speech,  develops.  The  larynx  occurs  even  in  Amphibia 
in  very  various  sta^va  of  devi-Iopment,  and  with  the  aid  of 
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Comparative  Anatomy  we  can  trace  the  progressive  tItvcJop 
ment  of  this  importaDt  organ  from  its  very  simple  rudimei 
m  the  lower  Amphibia  up  to  the  complex  and  vocal  app&ii 
tus  represented  by  the  larynx  of  Birds  and  Mamroala. 

Though  these  organs  of  voice,  speech,  and  air-respiratiol 
develop  so  dilTerently  in  the  various  higlier  Alanunals,  tli«j 
yet  all  arise  from  the  same  siin]>lc  oiiginal  rutliment— 
from  a  vesicle  which  grows  out  of  the  wall  of  the  asteriiii 
intestine.  We  have  thus  satisfied  ourselves  of  the  interest 
ing  fact  that  both  the  respiratory  apparatus  of  Vertubrato 
develop  from  the  fore  pait  of  the  Intestinal  canal ;  first,  t 
primary  and  more  primitive  water-respiring  apparatus,  thi 
gill-body,  which  is  altogethei*  lost  in  the  three  highM 
vertebrate  classes;  and,  afterwards,  tliti  secondary  and  n 
recent  air-breathing  apparatus,  which  acta  in  Fishes  onlji 
as  a  swimming-bladder,  but  as  a  lung  from  the  Dipoeu 
upwards. 

We  must  say  a  few  worda  about  an  interesting  rudi< 
mentary  organ  of  the  respiratory  intestine,  the  thyroid 
gland  {thyreoiiiea),  the  large  gland  situated  in  front  of  tha 
larynx,  and  below  the  so-called  "Adam's  apple."  and  v 
especially  in  the  male  sex,  is  often  very  promineui;  it  ia 
produced  in  the  embryo  by  the  sepai^tion  of  tbe  lower  wall 
of  the  throat  (j^haryiix).  This  thyroid  gland  is  of  at 
use  whatever  to  man;  it  is  only  festhetically  intcrvsting, 
because  in  certain  mountainous  districts  it  has  a  tendencjr 
to  enlarge,  and  in  that  case  it  forms  the  "  goitre "  ivhidi 
hangs  fmm  the  neck  in  front.  Its  dysteleological  i: 
is,  however,  far  higher;  for  as  Wilhelm  MUUer  of  ■ 
baa  shown,  this  useless  and  unsightly  organ  is  th«  1 
remnant  of  the  "  hypobranchial  groove."  which  «e  havi 
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already  considered,  tuid  which,  in  tlie  Ascidia  and  in  the 
Amphioxas,  traverses  the  middle  of  the  gdl-body,  and  ia  of 
great  importance  in  conducting  the  food  into  the  stomach 
(vol  i.  p.  420;  Plate  XI.  Figs.  14-16,  y).^ 

The  second  main  section  of  the  intestinal  canal,  the 
stomach  or  digestive  intestine,  undergoes  modifications  no 
less  important  than  those  affecting  the  first  main  section. 
On  tracmg  the  further  development  of  this  digestive  section 
of  the  int«Htina]  tube,  we  again  find  a  very  complex  and 
composite  organ  eventually  produced  from  a  very  simple 
rudiment.  For  the  sake  of  rendering  the  matter  more 
intelligible,  we  may  distinguish  the  digestive  intestine 
into  three  parts:  the  fore  intestine  (with  the  gullet  and 
stomach);  the  middle  intestine,  the  gall-intestine  (with  the 
liver  and  pancreas);  the  empty  intestine  (jejunvm),  and 
crooked  intestine  (iletm) ;  and  the  hind  intestme  (large 
intestine  and  rectum).  Here  we  again  find  protuberancfs 
or  appendages  of  the  originally  simple  intestinal  tulte 
which  change  into  very  various  structures.  We  have 
already  discussed  two  of  these  appendages — the  yelk-sac, 
which  protrudes  from  the  middle  of  the  intestinal  tube 
(Fig.  2»C,  c),  and  the  allantois,  which  grows  out  of  the 
lavt  portion  of  the  pelvic  intestine  as  a  large  sac-Uke 
protubemnce  (u).  Tho  protuberances  from  tlie  middle 
of  the  intestine  are  the  two  great  glands  which  open 
into  the  duodenum,  the  liver  (A)  and  the  ventral  salivary 
gland. 

Immediately  behind  the  bladder-like  rudiment  of  the 
I'tngs  (Fig.  2ti6,  f)  comes  that  portion  of  the  intestinal  tube 
which  forma  the  most  important  part  of  the  digi«stive 
apltaratiifl,  via.,  the  stomach  (Figs.  284,  ((,  2.S.i,  b).    This  sao- 
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s'laped  organ,  in  which  the  food  is  especially  dtiisoIviNl  and 
digested,  LS  not  ao  complex  in  structure  in  tlie  lower  Vi- 
brates as  in  the  higher.     Tims,  fur  instanc'e,  in  many  Ftsh^^ 
it  appeal's  as  a  very  simple  spin  die -shaped  expauaiun  at  till 


FiQ.  2S6.— Longitudinal  Mction  tbrongh  ad  ombTTimio  Chiek  la  Ibl 
flfih  day  of  incnbatioa  :  d,  inteatiDe  j  o,  mouth:  a,anlui  Mna^)  k.livui 
i;.  meBentcr/  (  t',  auricle  ot  heart  i  k,  Teatride  of  htiirt ;  b,  ulitrtiU  Mv-tat 
f,  aortn  1  c,  ^eU-aai;;  m,  jelk.dacC ;  u.  ollantuist  r,  KiaXk  ot  Bllaiitai*!  ■> 
■muioD  I  u;  tunniou-cavit;  ;  i,  urroas  nicmbnuiti.     (After  Baer.) 

beginning  of  the  digestive  section  of  the  intestine,  which 
latter  pa.sKGS  from  front  to  roar  in  a  straight  line  untWr  the 
Rpinal  column  in  tho  centra!  plane  of  the  body.  In  Mam- 
mals the  rudiment  ut'  this  organ  is  as  simple  as  it  thus 
is  jwnnanently  in  Fishes .  but  at  a  very  early  period  the 
various  parts  of  tho  stomach-sac  begin  to  develop  une^juoUy. 
As  the  left  side  of  the  spindle-shaped  pouch  grows  much 
more  vigorously  than  the  right,  and  as,  at  the  aamo  tMM, 
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there  occui-s  a  coni^iclemble  obliquity  of  its   axin,  it  soon 

a£«siin)es  an  oblique  position.     Tho  up,T>er  end  lies  more  to 

the  lid't  and  the  lower  end  more 

ti>  the  right.     The  anterior  end 

extends  so  as  to  form   the  long 

narrow    canal     of    the     gullet 

(omaph'iifiw)  ;   below  the   latter, 

the   blind -sac    of    the    etotnach 

(ftiwltoi)  bulges  out  to  the  left, 

and  UiU8  the  later  fonn  of  the 

ntomach  is  gradually  developed 

(Fig.2s7.e;Fig.27o,p.317).  The 

axis,  which  waa  originally  verti- 

Plo.  287— Hnmnn  einbiyo  ot  flvc 
wiwko.  fram  ths  Tenlral  side  i  upeued 
(•nluged).  The  brenst  wall,  ftbdninian) 
mil,  Mnd  lirnr.  hnre  bcon  irmoTed.  % 
eitiinuil  luual  process;  i,  upper  jnw ;  h. 
lower  jiiwj  f,  toupno:  v.  ri)(lil,  v'.  left 
rputriclo  of  hmrt :  o',  left  nnricle  uf 
liniri  1  b.  nrij^N  uf  aorla;  h'  b"  W",  Isl, 
2nd,  Srd  a«rln-»rclie« ;  e  «'  r^",  hiillow 
vrioi  ae,  long;*  (y,  lun^-ftTlerieB)  i  t, 
tbnrtch  I  «,  primitWe  kidneys  (j,  left 
ydlk.Tdini  «.  |i;I<irn8 1  a,  riglil.  jilk. 
trlnji  «,  wivol-»rlorj !  t.  nnvel-irciti); 
r.  jBJk-dncti  •'.  (crminBl  inCrgtiDc;  R. 
mil:  9.  for«-limbi  0',  bind-limb,  (Jdter 
CVMe.) 


oal.  now  inclines  from  a  higher  point  on  the  left  to  a  lower 
on  tlie  right,  and  continually  acquires  a  more  transveme 
dirvctiun.  In  the  outer  stratum  of  the  stomatdi-wall,  and 
from  the  intestinal-fibrous  layer,  develop  the  stiong  muscles 
which    pt-i-form   the   jHtwerful    d)ge!<tive    moveinontw.      In 
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the  inner  stratum,  on  the  contrary,  innumeralile  mini* 
g;Iaiids  develop  from  the  intestinal-g]an<liiliu-  layer.  The* 
are  the  peptic  glands,  which  supply  the  mcit  iinportac 
digestive  fluid — the  gastric  juice.  At  the  lower  extremity 
of  tlie  pouch  of  the  stomach  a  valve  develops,  which,  •■ 
the  pylorus,  separates  the  stomach  from  the  small  intestin 
(Fig.  275,  (i). 

The  disproportionately  long  middle  intestine,  or  umaJl 
intestine,  now  develops  below  the  stomach.  The  Oevelop- 
ment  of  this  section  is  very  simple,  and  is  essentially  cauaed 
by  a  very  rapid  and  considerable  longitudinal  growth. 
Originally  this  section  is  very  short,  straight,  and  simple; 
but  immediately  below  the  stomach  a  horseshoe  bend,  or 
loop,  begins  to  appear  at  a  very  early  period  in  the  intestinal 
canal,  simultaneously  with  the  separation  of  the  intestinal 
tube  from  the  yelk-sac  and  with  the  development  of  tht 
mesentery.  {Cf.  Plate  V.  Fig.  li,g.  and  Fig.  13G,  vol  i.  p.  381.) 
Before  the  abdominal  wall  closes,  a  horseshoe-shaped  loop  of 
intestine  (Fig.  13G,  m)  protrudes  from  the  ventral  opening  of 
the  embryo,  and  into  the  curve  of  this  the  yelk-sac  or  n 
bladder  opens  (n).  The  thin,  delicate  membrane  whidi 
secures  this  intestinal  loop  to  the  ventral  side  of  the  vertebral 
column,  and  occupies  the  inside  of  this  horseshoe  curve.il 
the  first  rudiment  of  the  mesentery  (Fig.  280,  ff).  The  mwt 
prominent  part  of  the  loop  into  which  the  yelk-sac  o 
(Fig.  287,  x),  and  which  is  afterwards  closed  by  the  intestinal 
navel,  represents  that  part  of  the  small  intestine  which  ii 
afterwards  called  the  crooked  intestine  (iUum).  Soon  ft 
very  considerable  growth  of  the  small  intestine  is  ob 
able ;  and  in  consequence,  this  part  has  to  coil  itself  in  man/ 
loops.     The  various  parts  of  the  small  intestine  which  we 
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have  yet  to  diatinguUli  differentiate  later  in  a  very  simple 
way;  tliese  are  the  gall-intestine  (duodenum),  which  is 
next  to  the  stomach,  the  long  empty  intestine  (Jejawum) 
whiuli  succeeds,  and  the  last  section  of  the  small  intestine, 
the  crooked  intestine  (ileum). 

The  two  large  glands  which  we  have  alrcady  named,  the 
Uver  and  the  ventral  salivary  gland,  grow  out,  as  protuber- 
ances, from  the  gall- intestine,  or  duodenum.  The  liver  tiirst 
appears  in  the  form  of  two  small  aacs,  situated  right  and  left 
jiist  behind  the  stomach  (Figs.  284,/  285,  c).  In  many  low 
Vertebrates  the  two  livers  remain  quite  soparat«  for  a  long 
time  (in  the  Myxinoides  for  life),  and  coalesce  only  imper- 
fectly. In  higher  Vertebrates,  on  the  other  hand,  the  two 
livers  coalesce  more  or  less  completely  at  an  early  period, 
and  constitute  one  large  organ.  The  intestinal-glandular 
layer,  which  lines  the  hollow,  pouch-like  rudiment  of  the 
liver,  sends  a  number  of  bi'anched  processes  into  the  investing 
inbcatonal-fibrous  layer ;  as  these  solid  processes  (rows  of 
gland-cclb]  again  branch  out,  and  aa  their  branches  coalesce, 
the  peculiar  netted  structure  of  the  developed  liver  ia 
prodticed.  The  liver-cells,  as  the  secreting  organs  whith 
funa  the  bile,  all  originate  from  the  int<»tinal-glandular 
layer.  The  fibrous  uiasa  of  connective  tissue,  which  joins 
this  great  cellular  network  into  a  large  compact  organ,  and 
which  invests  tlie  whole,  comes,  on  the  other  band,  from  tlio 
{ntcstinal- fibrous  layer.  From  the  latter  originate  also  the 
j^reat  blood-vessels  which  traverse  the  entire  liver,  and 
the  innumerable  netted  branches  of  whiih  ai-e  intuilaced 
with  the  network  of  the  liver-cells.  The  gall-ducts,  which 
buverse  thu  entire  Uvor,  collecting  tho  bile  and  discharging 
it  into  tlie  intestine,  originate  oa  intercellular  passages  along 
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the  axis  of  the  solid  ceU-conls ;  they  all  dlscliarge  into  th* 
two  primitive  main  gall  ur  biliary  ducts,  which  originate 
from  the  base  of  the  two  original  prutubiTunci'S  of  the 
intestine.  In  Man,  and  in  inany  other  Vertebrates,  these 
two  ducts  afterwartls  unite,  and  form  one  simple  gnll-duct, 
which  discharges  into  the  ascending  portion  of  the  gall- 
intestine.  The  gall  bladder  originates  as  a  hollow  pro- 
tiilterance  of  the  right  primitive  liver  duct.  The  growth 
of  the  liver  ia  at  first  exceedingly  rapid ;  in  the  hnmaa 
embryo,  even  in  the  second  month,  it  attains  such  (limi*n- 
siiiQs  that  during  the  third  month  it  oceti|>ies  by  far  the 
largest  part  of  the  body-cavity  (Fig.  288),     At  firxt,  U.th 


Fig,  SB8.— Chest  And  nbdmuinAl  riMim 
huninD  enibrjo  ot  twclre  wieka.  iu  iiBlanl  «». 
(AftiT  Kovllikcr.)  Thp  bund  ia  otnitliHl ;  ibo 
and  nlHlnuiiniil  wMa  rcoioiMl.  Tlit>  grntor  (wrt 
rit  lliv  abdominal  cotitf  ut  uccopiMl  bj  tbe 
rruai  Dn  npcniDg  in  the  centre  of  irhicti  I1h>  I 
intestine  (M-rtim,  v),  with  the  worm  i^poidigi, 
protrudeB.  Abure  Uie  drnphrBKio  tlie  Iwwt  k 
visible  in  the  centre,  with  the  smitll  lan^a  i 
Hglit  and  \ptt. 


halves  are  eqnally  well  developed ;  afterwanls  tho  left  half 
lies  considerably  behind  the  right,  In  conseqiienci'  <if  tivt 
R.iymmetiical  development  and  alteration  in  the  ponition  ij( 
the  stomach  and  other  abdominal  viscera,  the  whole  of  llw 
liver  is  eventually  forced  over  on  to  the  right  side.  AtUiougli 
the  growth  of  the  liver  ib.  afterwards,  not  so  excessive,  even 
at  the  end  of  gestation,  it  is  conniaiutively  much  larger 
the  enibtyo  than  in  the  adult.     In  the  latter,  iu  wei^^l 
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in  proportion  to  tLat  of  the  wtole  body  13  as  1 ;  SO ;  in  the 
former,  as  1 :  18.  The  physiological  significance  of  the  liver 
daring  emhryonio  life — which  is  very  great — depends  espe- 
cially on  the  part  it  plays  in  the  formation  of  blood,  and 
less  on  it;  secretion  of  bile. 

From  the  gall-intestine,  immediately  behind  the  liver, 
grows  another  large  intestinal  gland,  the  ventral -salivary 
gland,  or  pancreas.  This  organ,  which  occurs  only  in 
Skulled  Animals,  also  develops  as  a  hollow  nac-shaped 
protuberance  of  the  intestinal  wall  The  intestinal -glan- 
dular layer  of  the  latter  sends  out  branching  shoots,  which 
afterwards  become  hollow.  The  ventral -salivary  gland,  just 
like  the  salivary  glands  of  the  mouth,  develops  into  a  large 
and  very  complex  gland  shaped  like  a  bunch  of  grapea. 
The  outlet  of  this  gland  (iludua  pancreattcus),  through 
which  tiie  pancreatic  juice  passes  into  the  gall-intestine, 
seems  to  he  at  first  simple  and  single ;  afterwards  it  is 
oflen  double. 

The  last  section  of  the  intestinal  tube,  the  terminal 
intestine  or  large  intestine  {ejtigastcr),  in  mammalian 
embryos,  is,  at  first,  a  very  simple,  short,  and  straight  tube, 
Opening  posteriorly  through  the  anus.  In  the  lower  Ver- 
tebrates it  retains  this  form  throughout  life.  In  Mammals, 
on  the  other  hand,  it  grows  to  a  considerable  size,  coils,  and 
difTereiitiates  into  difierent  sections,  of  which  the  foremost 
and  longest  is  called  the  colon,  the  shorter  and  himler  the 
rectum.  At  the  commencement  of  the  former  a  valve 
(i-aivuia  £auA  171  i)  forma,  which  divides  the  large  intestine 
Jrom  the  small  intestine ;  behind  appears  a  pouch-like 
protuberance,  which  grows  larger  and  becomes  the  blind- 
{ececvm)  (Fig.  288.  *).     In  plant-eating  Mammals 
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this  becomes  very  large,  while  in  thoae  which  eat  flesh  it 
remains  very  small,  or  is  entirely  aborted.  In  Man,  as 
most  Apes,  the  beginning  of  the  blind  intestine  alone 
becomes  wide ;  its  blind  end  remains  very  narrow,  and> 
afterwards  appears  only  as  a  useless  appendage  of  the 
former.  This  "  vermal  appendage  "  is  interesting  in  dyt* 
teleology  as  a  rudimentary  organ.  Its  only  importAOce  in 
Man  consists  in  the  fact  that  now  and  then  a  raisin-ston^ 
or  some  other  hard,  indigestible  particle  of  fix>d  bocomea 
lodged  in  its  narrow  cavity,  causing  inHammation  and 
suppuration,  and,  consequently,  killing  individuals  oth^r' 
wise  perfectly  healthy.  In  our  plant-eating  ancestors  this 
rudimentary  organ  was  larger,  and  was  of  phyai(Jogic«t 
value. 

Finally,  we  must  mention  another  important  appendaga 
of  the  intestinal  tube;  this  is  the  urinary  bladder  () 
cystia)  with  the  urinary  tube  (urethra),  which  in  develop- 
ment and  in  morphological  character  belong  to  the  intestinali 
system.  These  urinary  organs,  wliich  act  as  receptacleB 
excretory  passages  for  the  urine  secreted  by  the  kidne^'^ 
originate  Irom  the  inner  part  of  the  allantois-stalk.  The 
altantois  develops,  as  a  sac-like  protuberance,  from  the 
anterior  wall  of  the  last  section  of  the  intestine  (Fig.  286,  v). 
In  the  Dipneusta  and  Amphibia,  in  which  this  blind-saft 
first  appears,  it  remains  within  the  body-cavity  (arloma), 
and  acta  entirely  as  a  urinarj'  bladder.  In  all  Amniota, 
the  other  hand,  it  protrudes  considerably  out  of  the  body- 
cavity  of  the  emhryo,  and  forms  the  large  embryonie 
"primitive  urinary  sac,"  which,  in  higher  Mammals,  fonnt 
the  placenta.  At  birth  this  is  lost;  but  the  long  aUantois< 
stalk  (r)  remains,  its  upper  portion  forming  tlic  Central  oavol 
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band  of  the  urinary  vesicle  (ligamentum  vesico-umbilicale 
medium),  a  rudimentary  organ  which  extends  as  a  solid 
cord  from  the  top  of  the  urinary  bladder  to  the  navel.  The 
lower  part  of  the  allantois-pedicle  (the  "urachus**)  remains 
hollow,  and  forms  the  urinary  bladder.  At  first,  in  Man, 
as  in  the  lower  Vertebrates,  this  organ  discharges  into  the 
last  section  of  the  posterior  intestine,  and  there  is,  there- 
fore, a  true  **  cloaca,"  receiving  both  urine  and  excrement ; 
but,  among  the  Mammals,  this  cloaca  is  permanent  only  in 
the  Cloacal  Animals,  or  Monotremes,  as  in  Birds,  Reptiles, 
and  Amphibia.  In  all  other  Mammals  (Marsupialia  and 
Placentalia)  a  transverse  partition  forms  at  a  later  period, 
and  separates  the  urinary-sexual  aperture  in  front  from  the 
anal  aperture  behind.    (C£  Chapter  XXY.) 
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EXPLANATION  OF  PLATE  L— (Froktispiics  ) 

DETSLOPMEirr  OF  THE   FaCI. 

The  twelre  figures  in  Plate  I.  represent  the  faces  of  four  differeot 
Biammals  in  three  distinct  stages  of  indiyidnal  erolntion:  Mi-Hiii  thatof 
Man,  Bf-BfiT  of  the  Bat,  Ci-Cifi  of  the  Cat,  Si-Siii  of  the  Sheep.  The 
three  different  stages  of  eyolntion  hare  been  chosen  to  correspond  as  far  an 
possible ;  thej  have  been  reduced  to  abont  the  same  sise,  and  are  seen  from 
in  front.  In  all  the  figores  the  letters  indicate  the  same :  a,  eye ;  v,  fore- 
brain  ;  m,  mid.brain ;  «,  frontal  process ;  k,  nose-roof ;  o,  npper  jaw  proosos 
(of  the  first  gpll-arch)  ;  u,  lower  jaw  process  (of  the  first  gill-arch) ;  k, 
second  gill-arch ;  dt,  third  gill-arch ;  r,  foorth  giU-arch ;  g,  ear-fissnre 
(remains  of  the  front  gill-opening) ;  z,  tongne.  (Cf .  Plates  VI.  and  TIL, 
Figs.  232-236,  p.  243 ;  also  Figs.  123,  124,  voL  i.  p.  370.) 


TABLE    XXXVII. 

Systematic  Survbt  of  the  most  Important  Pkriods  iw  rni 
Phylogknt  of  the  Human  Intestinal  System. 

I.  First  Period:  InteHine  of  Gaatraa  (Figs.  274-277;  Plate  V.  Figs.  9, 10). 
The  whole  intestinal  system  is  a  simple  ponch  (primitive  inte&tine),  the 
simple  cavity  of  which  has  one  orifice  (the  primitive  month). 

II.  Second  Period  i  Intestine  of  the  Scolecida  (Plate  V.  Fig.  11). 

The  simple  intestinal  tnbe  widens  in  the  middle  into  the  stomach,  and 
irqnircfl,  at  the  end  opposite  to  the  primitive  month,  a  second  opening 
(primitive  anns) ;  as  in  the  lower  Worms. 

III.  Third  Period:  Intestine  of  Chorda  Animals  (Fig.  281;  Plate  V.  Kg.  12). 

The  intestinal  tnbe  differentiates  into  two  main  sections — the  respiratorr 
intestine  with  gilUopenings  (gilUintestine)  in  front,  the  digestire  intestine 
with  stomach  •cavity  (stomach-intestinc)  behind  ;  as  in  Aacidia. 
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lY.  Fourth  Period :  Intestine  of  Skull-leaB  Anhneda  {Aeranta) 

(Fig.  282;  Plate  XI.  Fig.  15). 

The  gill-streaks  appear  between  the  gill-openings  of  the  resf  iraiory 
iutestine  ;  a  liver  blind.sao  g^ws  £rom  the  stomach-poach  of  the  digestiye 
intestine ;  aa  in  the  Amphioxns. 

V.  Fifth  Period:  Intestine  of  Cycloatoma  (Plate  XT.  Fig.  16). 
The  thyroid  gland  deyelops   from   the  ciliated  groove  on  the  base  of 
the  gills  (hjpobianchial  groove).      A  compact  liver-glaod  develops  from 
tbe  liver  blind-sao. 

VI.  Sixth  Period:  Inte$tine  of  Primitive  Fiehee  (p.  114). 
Cartilaginons  gill-arclies  appear  between  the  gill -openings.     The  fore- 
most of  these  form  the  lip-cartilages  and  the  jtiw-skeU  ton  (upper  and  lower 
jaw).    The  swimming-bladder  grows  from  the  pharynx.    The  ventral-salivary 
gland  appears  near  the  liver,  as  in  Selachii. 

VII.  Seventh  Period:  Intestine  of  Dipneustn  (p.  118). 
The   swimming. l)la<l(]er   modifies    into   the   longs.     The   month-cavity 
becomes  connected  with  the  nose-cavity.     The  urinury  bladder  grows  from 
the  laat  section  of  ihe  intestine,  as  in  Lepidosiren. 

Vm.  Eighth  Period:  Intestine  of  Amphibia  (p.  126). 

The  gill-oiienings  close.  The  gills  are  lost.  The  larynx  originates  from 
the  apper  end  of  the  trachea. . 

IX.  Ninth  Period :  Inteatine  of  Monotremes  (p.  145). 
The  primitive  month  and  nasal  cavity  is  separated  by  the  horirontal 
palate-roof  into  the  lower  mouth-cnvity  (food  passage)  and  the  upper  nose- 
cavity  (air  passage);  as  in  all  Aniniou  Animals. 

X.  Tenth  Period :  Intestine  ofMarsupiaU  (p.  149). 

The  existing  cloaca  is  sepamtod  by  a  partition  wall  into  an  anterior 
orinary-iexnal  apertnre  and  a  posterior  anal  aperture. 

XI.  Kleventh  Period:   l-ntfi»tine  of  Catarhme  Ap»'S  (p.  17^). 
AH  parts  of  the  iniestine,  and  especially  the  tectb.a|>parntM>,  Hcqnin^  the 
daaflM^teribtic  development  common  to  Man  and  Caturhiue  Apes. 


CHAPTER  XXIV. 


DEVELOPMENT  OF  THE  VA8CCXAR  SYSTEM. 

\|>p1ii»tioBof  thePandunental  Lawof  Bingm/.—TheTwoSidea. — B«ni£t> 
of  Cod Hrratire  Organs. — Adajilntiun -if  Hrigiecsire  Or^uii. — Ontogni 
and    Comp&ratiTe    Anatomj    complcmenliirj    of    each    oUiw. — S»« 
"Theories  of   EToIntioii "  of  His. — The  "  EtiTelope  Thegry"  aod  lla 
"  Waale-iag  Tbeorj." — Main  Germ  and  Sapplumeularf  Gem. — Fi»g» 
tivB  Y.-lk  and  N'niritiint  Telk.— Ph^'logenetie  Orrgin  of  the  iMtor  (nm 
the    FrimittTa   Inteatioe.— Origin   ot   the    Vascular    S^sleni    from  tV 
Vuculai  Layer,  or  liiteatinal-liljrun*  Uijer.— PbylogeneliC  SignillcaBtt 
of  ibe  Ontvijoiictic  SacceaJOQ  of   tba  Organ -EjrBtctns  and  Tuvno.— 
DsTiatioD  froDi  the  Original  Seqaenoe;  OnUpjaedo  BettirDchniauDi.— 
QiTeruig  Tii«De. — Connectire  Tissue. — Nerve-maaote  Tisioe. — VaMslw 
TiEsno.— Belatire  Ago  of  the  Taacnlar  Sjstem. — Firal  Omuomoami 
of  (he  Latter)  CibIdiia.— Dursal  \taaei  and  Teotral  Veanl  oC  Wen 
— Simple  Heart  of  Atcidia. — Atrophy  of  the  Heart  iti  the  Amphtom,—   j 
Twn.uiianibeied   Heart  of  tbe  Cyclostama.— Arler  at   ArchM  of   lla  J 
&clac).ii.— Double  Aaricle  in   Diprieuata  and    Amphibia.— t 
Iricle  in  Sirdi  aud  Msiddi at-. ^Arterial  Archea  in  BirdH  and 
Qerm.hiet.iry   (OnloRcny)    of   tie    Hamaa    BesTt.— I'BnUleling  irf  A*] 
l^bftl-hiitorj  (I'lijlog™?)- 

"Morphological  compnriimi  of  the  ailnlt  conditiona  abottU  aatBd 
(ireu'-do  the  atndy  of  the  enrlicat  DundiliuiiB.  Only  in  Ihia  wajr  mm  d 
iuvestigatioD  ol'  (lie  biaiury  of  deveixpineDt  proceed  in  a  deliiiiUi  d' 
it  ii  Ibna  proviilrd.  ai  it  wer«,  to  e«e  t>Boh  *t?p  ■□  the  tonnatjie  piui— ■ 
it«  tme  relatiim  with  the  oundilion  whiirb  ia  flnnlljr  ti>  be  nwchn" 
metit  nf  Ihu  hiKLnry  of  development  withunt  pnpariuur]i  itoilj  ii 


APPLICATION  or   THE  LAW   OF  BIOGENT. 

Bkelj  to  Itnl  to  (Tropins  in  the  dark ;  Bud  it  not  intrnqneotly  loads  b 
moBt  onforlunBte  rtwults— Ear  inferior  to  those  whiot  minht  be  ealubl 
beyond  qnestion  vcthcnt  nuj-  Htuay  of  the  bist-jry  ot  dorcli'pmun 
Aliiihoeb  Biuuh  (1&7^}. 


In  applying  to  Oi'ganogony  the  fundamental  law  of  Bio- 
geny,  we  have  already  afforded  some  conception  of  the 
dtgi-ee  in  wliiuh  we  may  fullow  its  guidance  in  the  study  of 
tribal  history.  The  degree  ditfers  greatly  in  the  difl'erent 
organ-systems ;  this  is  so,  because  the  capacity  for  trans- 
mission on  one  side,  and  the  capacity  for  modification  on 
llie  other,  vary  greatly  in  the  different  organs.  Some  parts 
of  the  body  cling  tenaciously  to  the  inherited  genn- history ; 
»nd,  owing  to  heredity,  accurately  retain  the  mode  of 
evolution  inherited  from  primieval  animal  ancestors ;  other 
parte  of  the  body,  on  the  contrary,  exhibit  very  small 
capacity  for  strict  hcTedity,  and  have  a  great  tendency  to 
tasuine  new  kenogenetic  forms  by  adaptation,  and  to  modify 
the  original  Ontogeny,  Tlie  fonoer  organs  represent,  in  tbe 
many-celled  community  of  the  human  organism,  the  con- 
stant or  conservative;  the  latter,  on  the  contrary,  the 
changeable  or  progressive  element  of  evolution.  The  mutual 
interaction  of  both  elements  determines  the  course  of  his- 
torical evolution. 

Only  to  the  conservative  organs,  in  which  Heredity  pre- 
ponderates over  Adaptation.  In  the  course  of  tribal  evolu- 
tion, can  we  directly  apply  tho  Ontogeny  to  the  Pliylogeny, 
and  cat!  infi.^r,  from  the  iialingenL-tic  modification  of  tbe 
germ-forms,  the  priiiiieval  metamorphosis  of  the  tribal  forms. 
In  the  progressive  organs,  on  the  contrary,  in  whidi  Adap- 
ifttion  has  acquired  the  ascendency  over  Heredity,  the 
Ori^nal  cour%  of  evulution  hon,  iisuully,  been  ao  clianged. 
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vitiated,  an<{  abbreviated,  in  the  course  of  time,  that  ws 
can  gain  but  little  certain  information  as  to  the  tribal- 
histoiy  from  tlie  kenogenetic  pbenomeoa  of  their  germ 
history.  Here,  therefore.  Comparative  Anatomy  must  come 
to  our  help,  and  it  often  affords  much  more  important  and 
trustworthy  disclosures  as  to  Pliylogeny  than  Ontogeny 
is  able  to  imjart.  It  is,  thei-efore,  most  important,  if  the 
fundamental  law  of  Biogeny  is  to  be  correctly  and  critically 
applied,  to  keep  its  two  sides  continually  in  view.  The 
first  half  of  this  fundamental  law  of  evolution  enables  us  to 
use  Pliylogeny,  as  it  shows  as  how  to  gain  an  approximate 
knowledge  of  the  history  of  the  tribe  from  that  of  the 
germ:  the  gerro-foim  reproduces,  by  Heredity,  the  corre- 
sponding tribal  form  (Palingenesis).  The  other  half  of 
the  law,  however,  limita  this  guiding  piinciple,  and  calls 
attention  to  the  foresight  with  wliii:h  it  must  be  employed 
it  shows  us  that  the  original  reproduction  of  the  Phylogmy 
in  the  Ontogeny  has  been  in  many  ways  altered,  vitiated, 
and  abbreviated,  in  the  course  of  millions  of  years.  The 
germ-form  has  deviated,  by  Adaptation,  from  the  corro- 
spouding  tribal  form  ^Kenogeneais) ;  the  greater  this  devia- 
tion, the  more  are  we  compelled  to  employ  Comparative 
Anatomy  in  the  study  of  Phytogeny. 

Perhaps  in  no  other  system  of  organs  of  the  human  body 
is  this  so  greatly  the  case  as  in  the  vascular  system  (va»- 
cular,  or  cii'culatory  apparatus),  the  development  of  which 
we  will  now  examine.  If  we  attempted  to  infer  the 
original  structural  features  of  our  older  animal  ancest^ir* 
solely  from  the  phenomena  which  the  individual  develop- 
ment of  these  organ-systems,  in  the  embryo  of  Man  and  of 
other  high  Vertebrates,  exhibit,  we  shoul<l  obtain  vlwlly 
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erroneous  views,  By  many  influential  embrj'oiiic 
tations,  atiiong  wliich  tlie  development  of  &n  extensive 
nutritive  yelk  must  bo  rcgardod  as  the  most  important,  the 
original  courae  of  development  of  the  vascular  system  ha« 
been  so  alturml,  vitiated,  an^l  abbreviated,  in  the  lii;^her 
VertebratLS,  that  no,  or  very  little,  trace  of  many  i>f  the 
most  important  phylogenetic  features  are  retained  in  the 
Ontogeny.  Such  explanation  as  is  alForded  by  the  latter 
would  be  entirely  useless  to  us  if  Comparative  Anatomy 
did  not  lend  its  aid,  and  afford  us  the  cleare'^t  guirlance  in 
our  Bearch  for  ti-iba!  history. 

Comparative  Anatomy  is,  therefore,  especially  important 
ID  helping  us  to  understand  the  vascular  system,  and, 
equally,  the  skek'ton  system,  so  that,  without  its  guidance, 
it  u  unsafe  to  take  a  single  step  in  this  difiicult  field. 
Positive  pro  'f  of  tJiia  assertion  can  be  gained  by  studying 
the  complex  vascular  system  as  explained  in  the  classical 
works  of  Johannes  MViller,  Hciurich  Ratlike,  and  Earl 
Uegenbaur.  An  equally  strong  negative  proof  of  tlie  asser- 
tion ia  afforded  by  the  ontogenetic  works  of  Wilhulm  His, 
an  embryologist  of  Leipsic,  who  has  no  conception  ol"  Com- 
[larative  Anatomy,  nor  consequently,  of  Phylogeny.  In 
18fiH,  this  industrious  but  uncritical  worker  published  cer- 
r^in  comprehensive  "  Studies  of  the  First  Rudiment  of  the 
V'wtebraU;  Budy,"  which  are  among  the  most  wonderful 
piodoctions  in  the  entire  literature  of  Ontogeny.  As  the 
[lutliur  hopes  to  attain  a  "mechanical"  theory  of  develop- 
ment by  means  of  a  most  minute  description  of  the  gei-m- 
history  of  the  Chick  alone,  without  the  slightest  reference 
to  Comparative  Anatomy  and  Phylogeny,  ho  falls  into 
erron  which  are  unparalleled  in   the  whole  litoruture   of 
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liiology,  rich  as  thisi  unfortunately  is  in  errors.  Only  in  t 
lua^ficcnt  geiui-Liatory  of  the  Bombioator  by  AlexuiOsi 
Goette  is  incomprehensible  noiiaenae  and  demion  of  every 
rca8onable  causal  connection  in  evolution  more  nakedly  s 
forth.  (Cf.  voL  i.  pp.  G5,  60.)  His  announces,  as  tbe  final 
Insult  of  his  investigations,  "  that  a  conijiarfttively  siin{^ 
law  of  growth  is  the  only  essential  in  the  first  process  of 
evolution  All  formation,  whether  it  consist  in  fission  of' 
layers,  or  in  the  formation  of  folds,  or  in  complete  articula- 
tion, results  from  this  fundamental  law."  UnfortunsU'ly 
the  author  does  not  say  in  what  this  all-embracing  "  Iaw  of 
growth"  really  consista;  just  like  other  opponents  of  tb» 
theory  of  descent  who  substitute  a  great  "  law  of  evolution.* 
without  telling  anything  of  its  nature.  From  the  study  d 
the  ontogenetic  works  of  His,  on  the  oL  er  hand,  it  boob 
becomes  evident  that  he  conceives  iurm-constructiif 
"  Mother  Nature  "  merely  aji  a  kind  of  clever  dreasmoktf ; 
by  cutting  out  the  germ-layers  in  various  ways,  by  beni 
iug,  folding,  pulling,  and  splitting  thoni,  tliis  t^eversernie 
atresa  easily  brings  into  existence  the  various  funna  i 
animal  species,  by  "  development "  (I).  The  bendingM  ta 
fuldings  especially  play  the  most  important  part.  Not  u&lj 
the  differentiation  of  head  and  trunk,  of  light  and  left,  d 
central  stem  and  periphery,  but  also  the  nidinii^nt  of  tj 
limbs,  as  also  the  articulation  of  the  brain,  the  {sense-organ^ 
the  primitive  vertebral  column,  the  heart,  and  the  eailiMJ 
intestines,  can  be  shown,  with  convincing  necL'sslty  (I)  to  bi 
mechanical  results  of  the  first  development  of  folds.  Mol 
grotesque  is  the  mode  in  which  the  dressmaker  pruceeds  ii 
forming  the  two  pairs  of  limbs.  Their  first  form  is  dettf^ 
mined  by  the  crossing  of  four  folds  bordering  the  bod}! 
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'like  the  four  corners  of  a  letter."  Yet  this  wonderful 
" envelope  theory"  of  the  vertebrate  limle  is  surpassed  hy 
the  "  waste-rag  theory  "  (Hdllen-lappcn  Theorie)  which  His 
gives  of  the  origin  of  the  rudimentary  organs:  "Organs 
(like  the  hypophysis  and  the  thyroid  gland)  to  which  no 
physiological  part  has  yet  been  assigned,  are  embryonic 
retunants,  comparable  to  the  clippings,  which  in  ihe  cutting 
of  ft  dress  cannot  be  entirely  avoidtid,  even  by  the  most 
economical  use  of  the  material"!!).  Nature,  therefore,  in 
cutting  out,  throws  the  superfluous  rags  of  tissue  into  the 
waste  heap.  Had  our  skull-less  ancestors  of  the  Silurian 
age  had  any  presentiment  of  euch  aberrations  of  intellect 
of  their  too  speculative  human  descendants,  they  woulil 
certainly  have  preferred  relinquishing  possession  of  the 
hypobranchial  groove  on  the  gill-body,  in.'iteful  of  trans- 
iting it  to  the  extant  Amphioxua,  and  of  leaving  a 
remnant  of  it  to  us,  in  the  equally  unsightly  as  useless 
Ihyroid  gland.     (Cf.  p.  33G). 

It  will  probably  be  thought  that  the  ontogenetic  "  dis- 
coveries "  of  His,  which  appear  in  a  doubly  comical  light  in 
oonaequence  of  the  accompanying  display  of  mathematical 
calculations,  can  only  have  occasioned  momuntary  amuse- 
inent  in  critical  scientific  circles.  Far  from  it !  Immedi- 
ately after  their  appearance,  they  were  not  only  much 
praised  as  the  beginning  of  a  new  "mechanical"  era  in 
Untogeny,  but  they  have  even  yet  numerous  admirera  and 
Kdti^renta,  who  seek  to  spread  the  scientific  errors  of  His  a^ 
lar  as  |ioss!1ile.  On  this  account.  I  have  felt  myself  obliged 
to  point  out  enipliaticalty  the  complete  falsity  of  those 
views.  The  vascular  system  adbrds  especial  occasion  for 
Ibiii ;  for  among  tlm  moiit  imporlaat  advanced  which  Hit 
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daJma  to  have  caused  by  bis  new  conccfition  of  gcxi 
bistory,  is,  according  to  him,  bis  dhcovei-y  that  "the  b 
and  tisHue  of  the  connective  substance  "  (that  is  to  my,  Uw 
greatest  part  of  the  vascular  Bysteni)  "do  not  origitiato  frooi 
the  two  primary  gorm-Iaytre,  as  do  all  the  otiier  orgsa 
but  from  the  elcinuiita  of  the  white  yelk."  The  latU 
is  designated  as  "supplementary  yelk,  or  pai-ablaat,"  I 
distinguish  it  from  the  "main-germ,  or  areliibiaat"  (th 
germ-diBC  composed  of  the  two  primary  gemi-lHyera). 

Tlie  whole  of  this  artificial  development  theory  of  TTiq 
and  above  all  the  unnatural  distinction  between  the  supjj^ 
mentary  and  the  main  germ,  collapses  like  a  card  hoia 
when  the  Anatomy  and  Ontogeny  of  the  Amphioxoa,  thi 
invaluable  lowest  "Vertebrate,  is  contemplated,  wtiich  aloiK 
can  elucidate  the  most  dilliuult  and  darkest  features  in  th 
development  of  the  higher  Vertebrates,  and  thus  ftlso  < 
Man.  The  gastrula  of  the  Amphioxas  alone  overthroin 
the  whole  ai'tificial  theory;  for  this  gastnila  teaches  t 
tliat  all  the  various  organs  and  tissues  of  complete  Verte 
brates  originally  developed  entirely  from  the  two  primat) 
germ-layera.  The  developed  Ampbioxus,  like  all  otha 
Vertebrates,  has  a  diflerentiated  vascular  ^-stcm 
a  skeleton  of  "connective  substance  tissues"  extendiqf 
throughout  its  body,  and  yet  there  Is  in  this  case  no  "  bi 
plementary  gt'rm  "  from  which  those  tissues  can  origi 
thus,  contrasting  with  the  other  tissuea 

The  larvaj  of  the  Amphioxus,  arising  from  the  c 
boU-gAstrula   (arcliigaatniia),  in   its   furtlier   developiuenl 
throws  the  most  important  rays  of  light  also  upon  the  diffi- 
cult history  of  development  of  the  vascular  system.    In  tl 
finil  place,  it  answers  the  very  iui]>ortant  qui.-stioii,  wb'ti^ 


we  h.ave  already  frequently  indicated,  ba  to  the  origin  of 
the  four  secondary  germ-layors;  it  clearly  shows  that  the 
■•kin-fibrous  layer  originates  from  the  exoderm,  tlie  intes- 
tinal-fibrous luyer,  on  the  contrary,  in  an  analogous  inanncr, 
from  the  entoderm  of  the  gastrula ;  the  cavity  thus  caused 
between  tlje  two  fibrous  layers  iB  the  firet  rudiment  of  the 
body-cavity,  or  the  coelom  (Figs.  50,  fil,  vol  L  p.  2^GJ.  As  the 
Amphioxus  larva  thus  shows  that  the  fission  of  the  layers 
is  the  some  in  the  lowest  Vei-tebrates  as  in  the  Worms,  it  at 
tiie  same  time  represents  the  phylogenetic  connection  be- 
tween the  Worms  and  the  higher  Vertebrates,  As,  more- 
over, the  primitive  vascular  stems  in  the  Amphioxus 
originate  in  tlie  intestinal  wall,  and  in  this,  as  iu  the  em- 
l)ryoa  of  all  other  Vertebrates,  proceed  from  the  iutestiiiaJ- 
Gbiwia  layer,  pnxjf  is  alibrded  us  that  the  earlier  embryolo- 
Jpsta  were  ri^ht  in  calliDg  the  latter  the  vascular  layer. 
iFiually,  the  Comparative  Ontogeny  of  the  diilerent  verte- 
brate ciajtses  further  convinces  us  thiit  the  vascular  layer 
originally  everywhere  the  same.  The  vascular  system  in 
Man,  as  in  all  Skulled  Animals,  forms  a  complex  apparatus 
cavitios,  which  are  fdlod  with  juices,  or  fluids,  containing 
Bella.    The  vessels  play  an  important  part  in  Uie  nourish- 

>ent  of  the  body ;  some  of  them  conduct  the  nutritive 
blood  fluid  round  in  the  dillerent  parts  of  the  body  (blood- 
vessels); some  Collect  the  wasted  juices  and  discharge  them 
bvm  the  tissues  (lymph-vessels).  With  the  latter,  the 
g;reat  "serous  cavities"  are  aJso  connectcil,  especially  the 
body^aivity,  or  ctulomo.  The  heart,  acting  as  a  centre  of 
IBolioa  fur  tilt!  regular  circulation  of  the  juices,  is  a  strong 

luscular  pouch,  which  contracts  in  regular  pulsations,  and 
provided  with  valves,  like  those  of  a  pump  apparatus 
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This  coustant  and  regular  circulation  of  the  blood  alow 
makes  the  complex  change  of  substanm  with  the  higliA 
animals  possible. 

Important  as  La  the  vascular  system  in  the  more  Itighly 
developed  and  differentiated  aoima]  body,  it  ia  not,  howevei; 
an  apparatus  as  indispensable  to  aQimal  life  as  is  generallT 
supposed.  In  the  older  theory  of  medicine  the  blood  vu 
regarded  as  the  real  source  of  life,  and  "  humoral  pathology* 
referred  most  diseases  to  "corrupt  blood -mixture."  Sirol' 
larly,  the  blood  plays  the  most  important  part  in  the  pre 
vailing,  obscure  conception  of  Heredity.  Just  as  half-bloii^ 
pui-e  blood,  etc.,  etc,  are  yet  common  phrases,  so  it  ia  wiJ>rly 
believed  that  the  transmission,  by  Heredity,  of  di-finitt 
morphological  and  physiological  characters  from  the  psrvnt 
to  the  child  "lies  in  the  blood."  That  this  customary 
notion  is  entirely  fahe,  is  easily  seen  from  the  fact  that, 
neither  in  the  act  of  procreation  is  the  blood  of  the  pareota 
directly  transmitted  to  the  pi-ocrcated  germ,  nor  doea  the 
embryo  acquire  blood  at  an  early  period.  As  we  have 
already  seen,  not  only  tlie  separation  of  the  four  secondaiy 
germ-layers,  but  also  the  beginning  of  the  most  impor- 
tant organs,  takes  place,  in  the  embryos  of  all  VertebnU^ 
before  the  rudiment  of  the  vascular  syst^'tns,  of  the  heart 
and  blood,  is  formed.  In  accordance  with  this  ontogonetie 
fact,  we  must,  from  a  pbylogenetic  point  of  view,  regard  tha 
vascular  system  as  the  most  recent,  the  intestinal  system, 
on  tlie  contrary,  as  the  oldest  formation  of  the  animal  body 
The  origin  of  the  vascular  8j-st«m  is,  at  least,  much  Uter 
than  that  of  the  intestinal  system.  If  the  fundamental  law 
of  Biogeny  is  rightly  appreciated,  it  ia  possibly  from  tin 
ontosiinctic  sequence,  in  which  tJie  various  organs  of  iht 
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iDunal  body  consecutively  originate  in  the  emLryo,  approxi- 
mately to  infer  the  phylngonetic  sequence,  in  wliich  tliese 
organs  gradually  developed,  one  after  the  other,  in  the 
BQcestral  line  of  animals.  In  the  "Gaatifea  theory"  I  made 
the  first  attempt  to  establish  the  phylogenetic  signijicatice 
of  the  ontogenetic  sequence  of  the  organ-systems;  but  it 
must  be  remarked  that  this  sequence  is  not  always  iden- 
tical in  the  higher  animal  tribes.  In  Vertebrates,  and 
therefore  also  in  our  own  ancestral  line,  the  organ-systems 
may  be  ranged  according  to  age,  in  something  like  the 
following  order;  I.  The  skin-system  (A)  and  the  intestinal 
system  (B).  II,  The  nerve  (C)  and  muscular  systems  (D). 
III.  The  kidney  system  (E).  IV.  The  vascular  system  (F). 
V.  The  skeleton  system  (G).  VI.  The  sexual  system  (If). 
(Cf.  Table  XXXIX.,  p.  367.) 

In  the  first  place,  the  gastrula  proves  that  in  all  animali 
with  the  exception  of  the  Primitive  Animals  (Protozoa), — 
therefore,  in  all  Intestinal  Animals  (Mctazoa), — two  primary 
oi^n-systema  originally  arose  simultaneously  and  first; 
these  were  the  skin-system  (skin-covering)  and  the  intes- 
tinal system  (stomach-pouch).  The  first  is  represented,  in 
its  earliest  and  simplest  form,  by  tlie  skin-layer  or  exodeim, 
the  latter  by  the  intestinal  layer  or  entoderm  of  the  Gastnea. 
As  wo  can  ascribe  the  same  origin,  and,  therefore,  also  the 
same  morphological  significance,  to  these  two  primary  germ- 
layen  in  all  Intestinal  Animals,  from  the  simplest  Sponge 
to  Han,  the  homology  of  these  two  layers  aeoms  sufhdeat 
proof  of  tlie  above  assumption. 

Immodtately  after  the  diflerentiation  of  the  tvro  primary 
gum-layers,  an  inner  or  outer  skeleton  develops  in  many 
lower  animals  (e.g.,  in  Sponge-n,  Corals,  and  other  Plant 
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Animals)  In  tbe  ancestors  of'  Voitobrates,  the  devclopmcii 
of  llii:  skL>IeUiD  did  not  take  place  till  inudi  later,  in  tb 
Chorda  AnimaJs  (C/ii/rJonia),  In  them,  after  tlio  skia' 
system  and  the  intestinal  system,  two  other  organ-system 
simultaneously  arise ;  these  are  the  nervous  and  the  mm 
cular  systems.  The  way  in  which  those  two  org&a-s%~stciii 
which  mutually  condition  each  other,  developed  sdmullA 
neously  and  independently,  in  reciprocal  action  and  yet  t 
opposition  to  each  other,  was  first  explained  by  Nicholaua 
Klcinenbei'g  in  his  excellent  monoyraph  on  the  Ilydra,  tba 
common  fresh-water  Polj'p.'*'  In  this  interesting  litth 
animal,  single  cells  of  the  skin-layer  send  fibre-shaped  pro- 
cesses inward,  which  aciuire  tbe  power  of  contraction,  th* 
capacity,  characteristic  of  the  muscles,  of  contracting  in  i 
constant  direction.  The  outer,  roundish  part  of  the  exo- 
derm  cell  remains  scnbitive  and  acts  as  the  nervous  element 
the  inner,  fibre-shaped  part  of  the  same  cell  becomes  con- 
tractile, and,  incited  to  contraction  by  the  former  pai-t,  acti 
as  the  muscular  element  (Fig.  203).  These  rcmarkahia 
neuro-muscular  cells  thus  still  unite  in  a  single  individuBl 
of  the  first  order  the  functions  of  two  organ-systems.  Om 
step  further;  the  inner,  muscular  half  of  the  ncuro-muscular 
cell  (Fig.  293,  m)  acquires  its  own  nucleus,  and  8cpars.tei 
from  the  outer,  nervous  half  (71),  and  both  organ-systemi 
have  their  independent  clement  of  form.  The  tiaaiou  of  t 
mui^cular  skin-fibroua  layer  from  the  norvons  akin -sensory 
layer  in  embryonic  Worms  confirms  this  import&nt  phyliK 
genetic  process  (Figs.  50,  51,  vol.  L  p.  23G). 

These  four  organ-systems,  which  have  been  mentioned, 
were  already  in  existence,  when  an  apparatus  developed 
tertiarily,   in   tbe    human    ancestral    line,   which,  at  flrrt 
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Sight,  s-cms  of  Biiboidinate  signidcance,  but  wlilch  proves, 
by  its  early  appeatance  in  the  auimal  series  and  in  the 
embryo,  that  it  must  be  very  aocieat  and,  consetiuently,  of 
great  physiological  and  niijrphological  value.  This  ia  the 
oriaary  apparatua,  or  kidney  system,  the  organ-»yst«in 
whicli  secretes  and  removes  the  useless  fluids  from  the  body. 
We  have  already  seea  bow  soon  the  primitive  kidneys 
appear  in  the  etnbryo  of  all  Vertebrates,  long  before  any 
trace  of  the  heart  is  discoverable.  Correspondingly,  we  also 
find  a  pair  of  simple  primitive  kidney  ducts  (the  so-called 
excretory  ducts  or  lymphatic  vessels)  almost  universally 
difrused  in  the  Worm  tribe,  which  is  so  licli  in  forma.  Even 
the  lowest  classes  of  Worms,  which  have  as  yet  neither 
body-cavity  nor  vascular  system,  are  furnished  with  these 
primitive  kidneys  (Fig.  280,  tic,  p.  327).  It  was  only  in 
the  fourth  pla^e,  after  the  kidney  system,  that  the  vascular 
system  developed  in  our  invertebrate  anceytors;  this  is 
plainly  shown  in  the  Comparative  Anatomy  of  Worms. 
The  lower  Worms  (Accelomi)  possess  no  part  of  the  vas- 
cular system,  no  body-cavity,  no  blood,  no  laart,  and  no 
els;  this  is  the  case,  for  example,  in  the  comprehensive 
group  of  the  Flat  Worms  (Plathelmi'ntke8),tho  Gliding  Worms 
(T^rbeUuria),  the  Sucking  Worms  (Trematoda),  and  the 
Tape  Worms.  In  the  higher  Worms,  which  are  therefore 
called  CoL'lonmti,  a  body-cavity  (caloma),  filled  with  blood, 
first  begins  to  form,  and,  side  by  side  with  tins,  special 
bluod-TOSsels  then  also  develop.  These  features  have  been 
transmitted  from  the  Coelomati  to  the  four  higher  animul 
tribea. 

These  ot^an-syRl^ms  are  common  to  Vertebrates  and  to 
tlw   three  higher  animal  tribes,   the   Articulated  Aniiiialu 
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(Arihropoda),  the  Soft-bodied  Animula  {ATolluiica),  and  Um 
Star  Animals  (EdUnoderma).  and  we  may,  tlHjrcl'nre.  inroi 
that  they  have  all  acquii-od  those,  aa  a  common  iuheritancA 
from  tlie  Coelomati ;  but  we  now  meet  with  a  passiv* 
apparatus  of  movement,  tbe  skeleton  system,  which,  in  thia, 
form,  is  exclusively  peculiar  to  Vertebrates.  Only  the  very 
first  rudiment  of  this,  the  simple  notochord,  is  found  in 
Ascidia,  which  are  the  nearest  invertebrate  blood-relationt< 
of  Vertebrates.  We  infer  from  this,  that  the  common. 
ancestors  of  both,  the  Chorda  Animals,  did  not  branch  c 
from  the  Worms  till  a  compai-atively  lat«  period  Th« 
notochord  ib,  it  is  true,  one  of  those  organs  which  appear  at 
a  very  early  period  in  the  vertebrate  embryo ;  but  this  is 
clearly  due  to  an  ontogenetic  beterochi-onisin,  to  disploco- 
ment  in  time  in  the  genu-history,  that  is,  a  gradual  dis- 
arrangement in  the  original  phylogenetic  sequence,  causod 
by  embryonic  adaptation.  On  Comparative  Anatouucal 
grounds  it  may  sal't^ly  be  assumed,  that  the  Erst  oiigin  of 
the  skeleton  system  did  not  precede,  but  followed  that  at 
the  kidney  system  and  of  the  vascular  systuu,  aJthougit 
Ontogeny  appears  to  indicate  the  conti-aiy. 

hast  of  all  the  organ-systems,  the  sexual  system  linaUy 
developed,  in  the  sixth  place,  in  our  ancestors ;  of  courae  it 
must  be  undei'stood  that  this  was  last,  in  the  sense  that  tl 
sexual  apparatus  acquired  the  independent  fona  of  a  speciAl 
organ-system  subaequenlly  to  all  the  other  organs.  Ti» 
simplest  form,  that  of  reproductive  cells,  is  eei-tainly  vety 
ancient  Not  only  tlie  lowest  Worms  and  Plant  Animoln 
propagalfl  sexually,  hnt  thia  was  also  probably  the  ease  ti 
the  common  parent-fonn  of  all  Metazoa,  in  tfae  Qaxtnvs; 
but  in  &U  tJiese  low  animals,  the  reproductive  ociU  du  mi/t: 
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lionstitute  special  eexuoJ  organs  in  a  moi-pholog^eal  senae ; 
they  are  rather,  as  we  shall  soon  see,  simple  component  parte 
of  other  organs. 

Like  tlie  organ-aystenia  of  the  human  body,  the  tissues, 
uliich  compose  these  systems,  ase  of  different  ages  and  of 
vaiying  morphological  value.  Aa  we  were  justified  in 
drawing  an  ioference  as  to  the  phylogenetic  sequence  in 
age  of  the  organ-systeraa,  from  the  ontogenetic  sequence 
in  which  they  successively  appear  in  the  embryo,  so  are 
W6  justified  in  inferring  the  order  in  which  the  tissues 
urigiuated  during  the  course  of  tribal  history,  from  the 
sequence  of  the  stages  in  germ-history.  The  result  of  this 
is  a  phylogenetic  classilicatiun  (Table  XXXVIIJ.)  of  the 
tisuea  of  the  human  body,  similar  to  that  of  the  organs 
(Table  XXXIX..  p.  3G7J. 

The  tissues  of  the  human  borly,  arising  by  division  of 
labour,  the  separation  anil  the  cnnnection  of  the  component 
cells,  may  be  distributed,  with  rcfLTence  to  their  develop- 
ment,  in  the  four  following  distinct  groups: — 1,  covering- 
tissue  (epHhelmm) ;  2,  connective  tissue  {connedivam);  S, 
nerve  and  muscular  tissue  {neuro-^rntuculuni) ;  and  4,  vas- 
cula-r  tissue  (vaf>aliu7n-).  Of  these,  in  accordance  with  the 
Gastnea  theory,  we  must  regard  the  covering-tissue  as  the 
oldest  and  most  original  form,  as  the  actual  primary  oi 
primiUve  tissue;  the  three  other  main  forms  must,  on  the 
other  hand,  be  cnnsiilcred  as  secondary  or  derived  forms. 
M'liicb  devdoiicd  at  a  later  period  from  the  covering-tissue ; 
the  ootuiec ting-tissue  tlrst,  then  the  neuro-muscular,  and 
lutJy  the  vascular  tissue. 

The  oldest  and  must  original  form  of  tissue  is,  nO' 
tloubtedly,  Uie  covering-tisaue   (ejnilttUv/m),    the  CttUa  ni 
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which  a.rf;  airangi^d  in  &  aiai^Ac  sti'ata-Uke  way,  and  exU 
over  the  outer  and  inner  surface  of  the  body  n»  a  protcctivi 
and  secreting  cover.     This  is  proved  by  the  simple  fact  t 
the  formation   of  the  tissues   of  the  animal   body   be^ 
with   the   formation   of  tlie  gastrula,   and  that  the  latt 
itself  consists  solely  of  two  simple  epithelial  strata,  of  t 
skin-layer   (Fig.   274,  e),   and   of   the   intestinal-layer   (^ 
Histologically,   the    two   primary   germ-Iayci-s    ai-e   sirapl 
epithelia.     When  these,  afterwards,  separate   into  the  foil 
secondary  genn-Iayers,  the  skin-semory  layer  becomes  t 
outermost  of  the  external  coverings   (dermal-epitheliuni};^ 
the  intestinal-glandular  layer  becomes  the  innermost  of  tba  ] 
internal  coverings  (ga-stral -epithelium).     The  tissue  (rf  the 
outer  skin  and  of  all  its  a]ipt'ndages,  such  as  nails  (Fig.2S9), 


Fin.   289.— TisiDD  «F  tha  nails  (Rntt«n(rd  v)nlhGlium) :   a-«,  colli  i>t  ll 
npper  strata ;  /,  g,  cells  of  the  luwvr  slnttn. 

Fig.  290.— TUaoe  of  the  ooTering  of  the  sinHll   int«*tinf>   (rolnMi 
l^pitliatiuni)  :    a.  aiile  vion  of  tln'ec  cells  (with  thicker,  (ervlu  bcn^ilen)  |  fl 
aurfnci;  »lew  of  font  oclli.     (After  Frej-.) 

haint,  skin-glands,  etc.,  arise  from  the  )«kin-sen90T;>-  Inya 
(Cf.  Table  XXIX..  ]..  232.)  The  inner  covering  of  lh«  inw 
tinal  tube  and  of  its  intestinal  glands  origina(«>i,  mi  t 
other  hand,  from  the  intestinal -glandular  layer  (Kg.  21*01  | 
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Connective  tissue  (connedivum)  must  be  regarded  as 
ionnu^.  in  order  of  phylogenetic  age,  the  aecond  main 
pviup  of  tissues.  This  is  morphologically  characterized  by 
the  intereelliilar   substance,  which   develops   between   the 


Pio.  291.^ Jelly -liko  tiaeae  from  the  vitreous  body  of  aii  embryo  ot  four 
-nontha  (ruani]  cclta  tm  jelly'like  inteicollalBr  BubaUtici'). 

fio.  9>2. — CKrtilaee-tiasut.'  of  the  flbrnan  ur  netteil  cnrCihige  of  the  e»r- 
Aell :  a,  oolU  i  b,  iDivnwIlatar  muM ;  (,  fibres  in  the  UiHor.     (After  Frey.) 

cells,  physiologically,  hy  the  doulile  part  wliich  it  plays, 
«s  connecting  substance  and  as  cnmplonientary  substance 
between  the  other  tissues,  as  an  inner  supporting  suljstance 
ftnd  aii  a  protective  covering  for  the  inner  organa.  Of  the 
tiuiiiurous  fonns  and  varieties  of  connective  tissue,  we  reganl 
the  jelly-like  tissue  (Fig.  291  :  Fig,  6,  vol  i,  p.  12fi),  the  fatty 
Uwtup,  and  the  chorda  tissue  as  the  earlier;  the  fibrous, 
eartita^nous  (Fig.  292j,  and  bone-tissue  (Fig.  o,  vol.  i.  p,  126) 
fts  the  more  recent  fonuntion.s.  All  these  various  forms  of 
Cunnoctivu  tissue  are  products  of  the  middle  germ-layer, 
ICr  tniVKKteiTn  ;  or,  moit?  accurately,  of  the  two  fibrous  layers, 
of  which  the  skin-llbrouH  layer  is  originally  derived  from 
the  oxoderm,  the  intestinal-fibrous  layer  from  the  entoderm, 
The  nerve-muscular  tiHsue  (neum-iiiiinculam)  is  of  much 
more  recent  origin  than  the  connective  tissue.  If  epithvlial 
ii<nue  reprcsent.fl  a  primary   period   in   triluil  history,  and 
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connective  tissue  a  spcnndary  period,  then   wc   may  eba- 
racterize  a  third,  much  later  ]jerioiJ.  hy  nervc-niascle  tiwie. 


I.  S93. — It(TTe.^n»cl*  tUnu).      Thice  iwQb  tma   H]-dr>  1    (S  sol 
ii ;  •>,  innpr,  mat-alBr  pan  of  the  cella.     (Atlet  Kleiiwnbnif.k 
k  llU.-~!ian<»-liBiu  (rmai    ■   qrinml    upm    knal);    n,  uitefnr, 
of  llw  spinal  Dcrre :  it.  t,  ttbraas  nrm-tiFin  1   /.  3.  k.  1,  dm 
rail*  bi  gaastioM  (/,  ni]»)w.  ;.  K,  hipobur  oelh) ;  1:.  (.  i>«rvo  filun.    (AfUr 

Fiu.  30& — UiMrir-tianr.     Thna  pine*)  al  tuipoi  mnacle  fibn  (a). 
i>>««bn>Mti(.(vlb(tV    (AfMrrWj-.) 

Kor  wltilo  in  the  lowest  Plant  AnJnutbi  tbe  body  ooDfli! 
wimt)-    Kit   coA-vring    tissue,   and    while    in    many   otl 
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Zoophytes  a  middle  layer  of  connective  tissue  develops 
between  the  two  primary  germ-layers,  it  is  only  in  the 
must  highly  developed  Plant  Animals  that  muscle  and  nerve 
tisuiie  is  furined.  As  has  already  been  said,  the  latter  first 
sp|>eared  as  a  common  nerve  and  muscle  tissue  {tienro- 
tiiUiKuluvi,  Fig.  293 :  cf.  p.  358).  It  was  only  afterwards 
that  tlie  muscle-tisKUe  (Fig.  295)  separated  fi-om  the  nerve- 
tihsue  (Fig.  294),  The  greater  part  of  the  nerve-tissue  is 
derived  from  the  skin-sensory  layer,  the  greater  part  of  the 
tuuttcle-tissue  from  tlie  skin-tibrous  layer. 

Vascular  tissue  (vamliuvi)  must  be  regarded  as  forming 


Fid.  S96.  —  Vvcalar  tiasaa  (vntaltuw).  A  halr-veasel  from  tlie 
WDtery :  a,  vucnlar  ci-Uii ;  A,  tlie  kemeli  of  thivn  ("  pndothrlinin  "). 
Flu.  Wt.~R«ii  blood  ci-IU  (oorpusclm)  at  rarioiu  Vertcliniiea  (Higually 
■mgniflod)!  1,  HumBn-.  a.  C&nieli  8,Pif>Don;  4.  PtDtene  (p.  l£t»!  S,  Wktci^ 
lainBii<ln'(7Vi((m)i  6,  Yrog;  7,  FUh  (Cobitit):  8,  lioinprey  (Pffroniyioa) i 
■arfao  Tiew :  b,  vdgc  vipw.     <AfLur  Wkfcnur.l 
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tibe  most  leeenl  group  of  tiasoes^  thai  whidi  originated  kst 
XTnder  th£»  naziie  are  indaded  those  epithelial-like  tissues 
wiiidL  fine  the  ckeed  inn^'  cavities  of  the  body  (the  OQcI(»in. 
cfcesi-caTicir.  Toitral  cavity,  heart-cavity,  Uood-vessels,  etc 
Tig:  fd^.  In  addititMi  to  this  vascular  carpet  (endo- 
tiLeIiii]n\  the  Isjnids  mntaining  cells,  which  fill  these 
cavicus  Ty^^'^  fatood,  snuiii,  etc),  must  be  classed  will: 
this  twie  Tig:  ^9^-  All  these  tissues  may  be  grouped  as 
v^Ka&a.  His  wrooghr  asenbed  to  them  a  quite  different^ 
*panbl^cie*  oci^  C^roai  the  nutritive  yelk);  they  tre, 
k> vever.  pcodnets  of  the  intestinal-fibrous  layer  (and  paiily, 
p«HiapSw  of  the  skin-fibioas  layer^  As  the  codoma  and  the 
whole  T&scubr  :grs^aa  is  of  more  recent  phylogenetic  origin, 
ifis  peenlEar  tsssots  must  ako  be  more  recent 

TIixs  payl«:?^cfcetie  explanation  of  the  ontogenetic  me- 
c^sa^Hi  of  the  tiroes  and  of  the  organ  systems  arising  from 
them,  arrears  ts>  me  to  be  sati:&&ctorily  proved  by  Com- 
pdkTidv^  AnAtomv,  and  by  the  Gastraea  theory.  If  it  is 
<iHT^*ct.  it  disckfies  an  interesting  glimpse  into  the  entirely 
Tarto<;:>  ao^  ctf"  the  mc^  important  constituent  parts  of  oar 
Kxiy.  T!ie  h:ii3an  skin  and  intestine  are»  according  to  this, 
WiUtT  tho<£§azi*Is  of  v\>ars  oU^  than  the  muscles  and  nerves; 
tbe:^e  a^^iain  are  much  more  anciait  than  kidneys  and  blood- 
vvt^^el^  and  ;he  latter,  finally,  are  many  thousands  of  yeais 
CvvWr  than  the  skeleton  and  the  sexual  organs.  The  ocmi- 
rioci  vi-ew.  that  the  vascular  systnn  is  oae  of  the  mosl 
r-'ivr^an:  ar:d  orr^^nal  or::an-svstems»  is*  therefore^  erro- 
r.^«<i^ :  i:  b  as  ^Ise  as  the  assumpticm  of  Aristotle  tbtt 
the  h^^Art  b  :be  drst  part  to  form  in  the  incubated  chiA 
i.^  ;h^  cv^itrary.  all  lower  Intestinal  Animals  show  jdainly 
ih^a:  che  bi^cric  evvIutKm  of  the  vascular  system  did  iwt 
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egin  till  acotuparativety  late  period.  Not  only  all  Plant 
Animals  (Bpongus,  Corals,  Hydiopolyps,  Medusa;),  but  also 
dl  lower  Worms  (Accelomi),  are  entirely  destitute  of 
nscular  system.  In  both  giviupa,  the  fluid  acquired  by 
ition  is  conveyed  directly  from  the  intestinal  tube, 
tiirough  processes  of  this  latter  (the  gaatro-canals),  into  the 
lilferent  parts  of  the  body.     lb  is  only  in  tlie  intermediate 

id  higher  Worms  that  the  vascular  system  first  beyina  to 

ivelop,  in  consequence  of  the  formation  of  a  simple  cavity 
eoeloma),  or  of  a  system  of  connected  spacea,  round  the 

testinal  tube,  in  which  cavities  the  nutritive  fluid  (blood) 

luded  through  the  intestinal  wall,  collects 
In  the  human  ancestial  line  Tve  meet  with   this  first 
rudiment  of  the  vascular  system  in  that  group  of  Worms 
nrbich  we   spoke   of  as    Soft  Worms   (Scolecida;    p.   85). 

he  Soft  Worms,  as  we  said,  formed  a  series  of  intermediate 

lages  b-'tween  the  lowest  bloodless  Primitive  Worms 
[Arafi^Jiintliee)  and  the  Chorda-worms  (Chordoma),  which 
already  provided  with  a  vascular  system  and  a  noto- 
cliord.  The  vascular  system  must  have  begun,  in  the  older 
Scolecida,  with  a  very  simple  coelom,  a  "body-cavity," 
filled  with  blood,  and  which  surrounded  the  intestinal  tube. 
Ito    origin    was    probably   due    to    the    accumulation    of 

lulritive  fluid  in  a  cleft  between  the  intestinal-fibrous 
layer  and  the  skin-fihroua  layer,  A  vftscular  system  in 
this  simplest  form  is  yet  found  in  the  Mosa-pulyps  {Sryozoa) 
In  the  Wheel-animalcule  [ItUatoria),  and  in  other  lower 
Worms,  The  inner,  visceral,  part  of  the  wall  of  the  cceluin 
,  naturally,  formed  by  the  intcstinat-fibroua  layer  {endo- 
\laT),  the  outer,  parietal,  part  by  the  skin-fibrous  layet 
ffuoctdar).     The  ctelom  fluid,  collected  between  tlie  two^ 


p^ 


t)  fnNB  c^tlieT  fibrou! 


«f  tUs  most  primi- 
bj  tlie  farmatioD  n( 


B  tfe  ioteatina]  wall,  tbat  is,  ia 
iKfET  of  tlw  van.  Tfa«3e  real  b!oo]- 
Aa  abiftv  aaae,  appear  in  very  diflemil 
■OB  ^  tts  iaiaEaadbte  and  liiglier  gnMi|« 
ifc^  «•  "aij  stoqle,  aonetnues  very  complex. 


»  fKsaifial  "fiiMJlini  Tcmds '  nnst  be  reganlnl  m 
rtiie^"""^^^'^''^  probably  foamed  tbe  first  d 
m  OBfles  Tiaenlar  system  of  Vertebiatea ;  Uiese  anf 
I  vnn^  vUdh  panes  from  froot  to  back  along  th( 
bw  rf  tba  ioBBy  wall  of  the  intestine,  and  a  Teotxil 
ikack  paaac^  in  tlie  suae  diteetion,  along  tbe  tnid>II| 
e  af  Ob  vcabal  walL  Both  at  the  front  and  at  thi 
I  an  linked  together  by  a  loop  su^ 
Tbe  blood  enclosed  in  the  tm 
ibca  ii  dnnn  forvard  by  the  peristaltic  cciatraction  0 
ria 

na  fbrther  dereloproetit  of  this  simplest  nidiioentaii 
[  Uood-vcmd  ^vteni  is  evident  in  the  class  of  the  Ringt 
I  (JmuKda],  in  «bicb  we  find  it  in  very  vario* 
I  itagaa  of  devdofMseiii.  In  the  6rst  pUce,  many  tniM 
vcme  eosmectioDS  probably  arose  between  the  dorsal  aa 
vential  vessels,  so  as  to  endiele  tbe  intestine  (Fig.  S98 
Other  vessels  then  penetrated  into  the  body-wall  : 
branched,  so  as  to  condact  blood  to  this  part  As  ia  thai 
ancestral  Worms,  which  we  have  called  Chordoma,  i 
front  section  of  the  intestine  changed  into  a  giU-body,  thei 
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Bscular  loops,  within  the  wall  of  this  gill-body,  ■wliich 
pfisHed  from  tho  ventral  vessel  to  the  dorsal  vessel,  became 
modified  into  respiratory  gill-vessels.  Even  at  the  present 
(lay,  the  organization  uf  tlie  remarkable  Acom-womi 
(Bii/uiwgloasiui)  exhibits  a  similar  condition  of  gill-circula- 
tion (Fig.  186.  p.  8G). 

A  further  important  advance  in  exiilbiteil, 
among  extant  Worms,  in  the  Ascidia,  which 
must  be  regarded  as  the  neaivst  blood-rela- 
tions to  uiir  primitive  Chordonia  ancestors. 
In  these  we  find,  for  the  first  time,  a  real 
bcart,  that  is.  a  centnd  onj'in  of  Out  circiUit- 
liun  of  the  hloiul.  by  the.  pulsating  contractions 
of  the  muscular  wall  of  which  the  blood  is 
driven  fonvard  in  the  vascular  tubes.  Tlie  tj^Sfi^ 
heart  appears  here  in  the  simplest  fonn,  as 
8  spindle-shaped  pouch  which  passes  at  bi.>th 
enda  into  a  main  vesnel  (Fig.  ISH,  c,  p,  90; 
Plate  XL  Fig.  14.  fiz).     The  original  position 

Flu.    298.— Blooii-TeBBel    sj-Blem    uf    a    RiHgrd    Wurui 
(Saenarin) ;    front    Bfctiun :    d.   durenl    vpegpl  -.    '',    (ontral 


I  indiote  the  dinwlion  at 
baur.)  » 

of  the  heart  on  the  ventral  side,  liehind  the  gill-lwdy  of  the 
Aacidian,  plainly  shows  that  it  originated  in  a  local  dilation 
of  a  aectaon  of  tlie  ventral  vi-ssel.  The  alternating  direc- 
tion of  the  movements  of  tho  blood,  which  has  alivady  been 
mentioned,  ia  remarkable  ;  the  heart  expels  tlie  bloix]  alter- 
tiAt«'ly  through  the  anterior  and  through  the  posterior  emi. 
Tliis  is  very  suggestive,  I'ecanse  In  most  Worms  the  ViJood 
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in  the  dorsal  vessel  moves  from  back  to  front,  whUe  iH 
Vertebrates,  on  the  contrary,  it  flows  in  the  opposite  direo- 
tioQ,  from  front  to  back.  As  the  heart  of  the  Ascidiaa 
constantly  alternates  between  these  two  opposite  directional 
it  exhibits  permanently,  to  a  certain  extent,  the  phylogeni't 
transition  between  the  older  direction  of  the  dorsal  blow 
current  towaid  the  front  in  Worms,  and  the  newer  direo 
tioo  of  the  same  toward  the  rear  in  Vertebrat*a. 

As  in  the  more  recent  Chorda  Animals,  which 
rise  to  the  Vertebrate  tiibe,  tlie  newer  direction  becama 
permanent,  the  two  vessels  which  proceeded  from  tha;' 
two  ends  of  the  heart-pouch,  acquired  a  constant  signiA 
cance.  The  front  section  of  the  ventral  vessel,  since  then 
has  steadily  conducted  the  blood  from  the  heart,  acting; 
consequently,  aa  an  arteiy ;  the  hinder  section  of  tli« 
ventral  vessel,  on  the  contrary,  leads  the  blood,  circulatit^ 
in  the  body,  back  into  the  heart,  and  must,  therefore,  I 
called  a  vein.  In  reference  to  their  relation  to  the  twq 
sections  of  the  intestine,  we  may  apeak  of  the  latter,  mi 
accurately,  as  the  intestinal  vein,  and  of  the  former  as  t 
gill-artery.  The  blood  contained  in  both  vessels,  whidt 
atone  fills  the  heart  also,  ia  venous  blood  ;  that  is,  containing^ 
much  carbonic  acid.  On  the  other  hand,  the  blood  which 
flows  from  the  gilla  into  the  dorsal  vessel  is  there  i 
furnished  with  osygen ;  ia  arterial  blood.  The  most  delicate 
branches  of  the  arteries  and  veins  pass  into  each  other, 
within  the  tissue,  through  a  network  of  extremely  fins 
neutral  hair-vesaels  or  capillaries  (Fig,  290). 

If  we  now  turn  from  the  Ascidia  to  the  nearest  alUed 
form,  the  Amphioxus,  we  are  immediately  surprised  by  i 
apparent  retntgiession  In  the  devclojunent  of  the  vai«ulu 
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^steni.  The  Ampbioxua,  as  has  been  stated,  has  no  real 
be^rt ;  but  tlie  blood  ia  circulated  in  its  vascular  eyatem  by 
the  main  vascular  stems  themselves,  which  contract  and 
pulsate  along  their  whole  length.  (Cf.  Fig.  151,  voL  i.  p.  420.) 
iV  dorsal  vessel  (aorta),  situated  over  the  intestine,  absorbs 
the  arterial  blood  from  the  gills  and  propels  it  through  the 
body.  Th«  venous  blood,  in  its  return,  collects  in  a  ventral 
vessel  (intestinal  vein),  situat'Cd  under  the  intestine,  and 
thus  retuiiis  to  the  gills.  Numerous  vascular  gill-arches, 
which  accomplish  respiration,  and  absorb  oxygen  from  the 
water  and  emit  carbonic  acid,  unite  the  ventral  vessel 
with  the  doisal  vessel  before.  As,  in  Ascidia,  that  section 
of  the  ventral  vessel  which  also  forms  the  heart  in  Skulled 
Animals  (Cruniottt),  is  ab-eady  fully  developed  into  a  simple 
Leart-pouch,  we  must  regard  the  absence  of  the  latter  in  the 
Ami>bioxu3  aa  the  result  of  retrogi-ession,  aa  a  reversion,  in 
theae  Acrania,  to  the  older  form  of  vascular  system,  as  it 
exists  in  Scolecida  and  many  other  Worms,  We  may 
assume  that  those  Acmnia  which  actually  formed  part  of 
our  ancestral  line  did  not  share  this  relapse,  but  rather 
inherited  the  one-chambered  heart  from  the  Chordonia  and 
tramtmitted  it  dirt:ctly  to  the  older  Skulled  Animals 
{Craniola). 

The  Conipanitive  Anatomy  of  Skulled  Animals  clearly 
exhibits  Uie  furtht-r  phylogenotie  development  of  the  blood- 
vessel system  In  the  lowest  stage  of  this  group,  in  the 
Cycloatfjma  (p  10-],  we  first  meet  with  a  real  lymph-vessel 
systum,  eidii  by  side  with  the  blood-vessel  system,  a  system 
of  canals  which  collect  the  colourless  tluid  flowing  from  the 
tisBUea,  and  conduct  it  to  the  blood-current.  Those  lymph- 
VL-axcIa   which  ab-surb  tlie  milky,  nutritive  lluid,  obtained 
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directly  by  digesiion,  fnm  the  intfstirial  wall,  and  condonAl 
it  to  the  blood-currect,  &re  dUtrngai^lmlile  as  cby)e-resse!% 
or  "  milky  juice  vessels."  While  the  chyle,  or  milky  juiiM^fl 
in  consequence  of  the  great  amount  of  fat  globules  whid 
it  contaiua,  appears  milk  white,  the  real  lymph  ia  colour'^ 
less.  Tlie  chyle,  as  well  aa  the  lymph,  contain  th«  s 
colourless  amtEboid  cells  (Fig.  9,  vol  i.  p.  132),  which  are  alra  , 
distributed  in  the  blood  as  coluuiless  blood-cells  (ciirpusclea); 
the  latt«r  contains,  in  addition,  the  much  greater  quanti^ 
of  red  blood-cells  (corpuscles),  which  gives  tbe  blood  <] 
Skulled  Animab  its  red  colour.  The  distinction,  Gommon  t 
all  Ci^niota,  between  lymph-vessels,  city  le- vessels,  an 
blood-vessels,  is  to  be  rcgaided  as  tlie  result  of  a  division  u 
labour  which  look  place  between  different  portions  of  a 
original  unitary,  primitive  blood-vessel  system  (or  liteiuo 
lymph  system), 

The  heart,  the  central  organ  of  the  cii-culation  of  tin 
blood,  which  exi.<its  in  all  Crauiota,  also  exhibits  an  advanoi 
in  stinicture,  even  in  the  Cydustoma  The  simple  spindle 
shaped  heart-pouch  is  separated  into  two  divisions,  i 
chambers,  which  are  divided  by  two  valves  (Plate  SI 
Fig.  16,  hv.  Ilk).  The  posterior  division,  the  for©  diambei 
(atriv/m,  kv).  absorbs  the  venous  blood  from  the  veins  e 
the  body,  and  di.'icharges  it  into  the  anterior  division,  tU 
chamber,  or  main  chamber  {yentr\cu.lu»,  hk).  From  here  U 
is  propelled  by  the  gill-artery  stem  (tlie  foremost  section  0 
the  ventral  vessel)  iuto  the  gills. 

In  Primitive  Fishes  {Selachix),  an  arterial  stalk  (tuAw 
arterioms),  separati^d  by  valves,  originates,  as  a  distinct 
suction,  fi'om  the  foremast  end  of  the  ventiicle.  It  for 
tho  eiilai'ged,  hindmost  cud  of  tlie  gill-artcty  stem   (Fig 
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199,  abr).  From  each  sii3e  of  this,  fiom  five  to  aeven  gill- 
fii-terics  proceed;  these  rise  between  tie  gill-openings  (a) 
to  the  gill-arches,  encircle  the  throat,  and  combine  above 
into  8  common  aorta-stem,  the  continuation  of  whicli, 
passing  backwai-d  above  the  intestine,  corresponds  to  the 
doreal  vessel  of  Worms.  As  the  arched  arteries  distribute 
themselves  in  a  respiratory  capillary  net  over  the  gill- 
aichea,  they  thus  contain  venous  blood  in  their  lower  part 
(as  arterial  gill-arclioa),  and  arterial  blood  in  their  tipper 
part  (as  aorta-arclias).  The  points  at  which  separate  aorta- 
aiehes  unite,  which  occur  on  the  right  and  left  sides,  are 
called  aorta-roota  Of  an  originally  greater  number  of 
ftort^arches,  only  five  pairs  are  retained,  and  from  these 
live  (Fig.  300),  in  all  higher  Vertebrates,  the  most  im- 
;portant  pai'ts  of  the  arterial  system  devehip. 


Pio.  299. — Head  of  an  embryDnie  TiA,  with  the  rniliniect  and  tlie 
ttluud.TecMl  If  stem  j  teeo  from  the  loft  fide ;  de,  CuvariKQ  duel  (point  ot 
lion  of  the  front  and  hiod  main  reina)  ;  jv,  voaoaa  •inos  (enlarged 
tancliul  portion  of  Ifae  CuTsrinn  diict)i  a,  auriots  ;  v,  miun  chamber  ; 
abr,  itiU-BTiorr  stem!  »,  gill.opBniugs  (between  the  ortcrinl  sroh«i)(  ad, 
ikiBto  I  c*,  ha-dl-nrtcr;  (oarotis)!  n,  noiie-gruove,     (After  Usf(ciubaDr.) 

The  appearance  of  the  lungs,  connected  with  the  respi- 
mtion  of  air,  which  first  occun  in  the  Dipneusta,  la  most 
iiniioi'Uint   in    tlio    further    dcvolopeinenb   of  the   arterial 
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nyatem.  In  Dipaeusta,  the  auricle  of  the  heart  8epamt«K 
into  two  halves  by  the  foruiation  of  an  incomplete  partJU<ia 
Only  the  right  auricle  now  absorbs  the  venous  blood  of  tli« 
body-veins.  The  left  auricle,  on  the  other  hand,  absorbs 
the  arterial  blood  of  the  lung-veins;  both  aaricles  dis- 
charge in  common  into  the  simple  ventricle,  in  which  the 
two  kinds  of  blood  mingle,  and  are  then  propelled  through 
the  arterial  stalk  into  the  arterial  arches.  From  the  last  of 
these  latter  spring  the  lung-arteries  (Fig.  301,  p);  the§e 
convey  a  part  of  the  mixed  blood  into  the  Inngs,  while  the 
remainder  is  driven  through  the  aorta  into  the  body. 

From  the  Dipneusta  upward,  we  trace  a  progressive 
development  of  the  vascular  system,  which  6naIIy  leads, 
with  the  loss  of  gill  respiration,  to  a  complete  separation  of 
the  two  parts  of  the  double  circulatory  ayatem.  In  Am- 
phibia, the  partition  between  the  two  auricles  becomea 
complete.  In  their  young  form,  these  yet  retain  gill- 
respiration  and  the  circulatory  system  as  in  Fishes,  and  tlie 
heart  contains  only  venous  blood ;  at  a  later  period,  lli« 
lungs,  with  their  vessels,  are  developed  also,  and  the  main  ' 
chamber  of  the  heart  then  contains  mixed  blood  In  Pnj- 
tamnia  and  Reptiles,  the  main  chamber  and  the  arterial 
stalk  belonging  to  it  begin  to  separate,  by  the  formalion  of 
a  longitudinal  partition,  into  two  halves,  and  this  partition 
becomes  complete  in  tlie  higher  reptiles  on  the  one  aide,  ia 
the  parent^form  of  Slammals  on  the  other.  The  right  half 
of  the  heart  alone  now  contains  venous  blood,  Uie  left  half 
only  aitorial,  as  in  all  Einls  and  Mfimmala.  The  right 
auricle  reeoivea  venous  blood  from  the  body-veins,  and  tb* 


right  ventricle  propels  this  through  the  Iung-art«ric»  into 
Uie  lunys;  from  there  it  letuina  as  aitevial  blood  throu^' 
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the  lung-veins  to  the  left  auricle,  and  is  driven  tliraugh  tlie 
left  ventricle  into  the  Iwdy -arteries.  Between  the  hing- 
arteries  and  lung-veins  is  situated  the  capillary  system  of 
the  lesser,  or  lung-cii-cnlation ;   between  the   body-arteries 

and  the  hody-veina  lies  the  capillary  system  of  the  greater, 
(ir  body-circulation      Only  in  the  twu  highest  Vertebrate 


Fto.  SDO.—Ttie  Are  arterial  nrelies  df  Skulled  Aninwls  (1^)  in  lliolr 
cHglmil  fornix  a,  arterial  bUIIe;  u".  lOKiii  Htvin  of  the  aarUt;  c.  hrad. 
wnvTf  (ainitit,  Biitcrior  ooiitiDoatinn  of  tha  Niirta.nKjt«),     (AD'Xr  RHtbke.) 

Piu,  301 —The  Svo  arterinl  archoi  of  Birds :  thn  liRbt  portiaimof  tlie 
Tadinunt  dinppcu':  only  tbc  dnrk  parts  a»  pcrniuURDt.  Letters  an  in 
Ig.  200 1  t,  arlrrin  of  the  cluricaU  (lub-iTlaTiaa)  ;  p,  lung-utci';  i  p', 
MaubM  (if  the  toEuc.  (After  KtUhkc.) 
Fin.  802.— Till  Bre  iirt<<r>iil  aivUea  of  Miiti.niHlH.  Lrilerj  as  in  Fig.  301 : 
T«rt*linil  artnrj ;  b,  Butalli's  cluct  (u)ieii  in  tbe  eniliry u,  Kfl«rwBnlB 
(Mdl).     (After  Ratlike.) 

classes,  in  BinU  and  Mnniiiials,  is  thin  cuiDpleti^  separation 
of  tho  two  cotirses  uf  the  cireulation  |»erfcct.  Moreover,  this 
Reparation  hn.H  taken  pla«c  in  the  two  classes  independently 
of  each  other,  as  is  sho\vn  by  the  nnc(]ual  development  of 
the  a»rtaa.     In  Binls,  which  aii?  deMcemUil  from  Reptile*. 
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the  n^ht  half  of  tbe  fourth  arterial  arch  has  become  tht 

permanent  arterial  arch  {arena  aorlai,  Fig.   301).      On  tlw 

Lokber  band,  the  !att<?r  has  developed  from  tlie  left  half  of 

■'Ihe  same  areh  (Fig.  302}  in  Maminala,  which  ore  diivctty 

I  descended  from  ttie  Protamnia. 

On  cotnparitig  tbe  arterial  eyabem  in  the  various  datiMi 
of  the  Skulled  Animals  {Craniota)  in  its  matured  condition, 
it  appears  in  very  various  forms,  and  yet  it  develops,  in 
alt,  from  the  same  primitive  form.  This  development  takes 
place  in  man  exactly  as  in  other  Uammals ;  especially  is  the 
modificatioa  of  the  five  arterial  arches  precisely  the  same  in 
both  cases  (Figs.  303-S0()).     At  first,  only  a  single  pair  of 


FiGi.  303-3OG.— MetamorphosiB  of  iho  fiie  u-tcrukl  iirvlii™  in  th*  fcni 
cmbrfo  (diagi«m  after  BKtbke):  (a,  arterial  slalk  ;  1,  2,  3,  *,  B,  Ibe  aiterid 
archea  fram  ths  first  to  the  fifth  pair ;  ad,  main  stem  of  tbe  witia ;  ny 
TwU  of  tbe  aorta.  In  Fig.  303,  throe  at  the  arterial  arches  are  given ;  in  rig. 
304,  the  whole  fire  (those  indioted  bj  dots  are  Dot  jeC  dOTet<q>«<l )  j  in  rig.  3u9i 
the  first  two  have  aguin  disapjicared  j  in  Pig.  306,  the  fitirioaiinU  •rierid 
Blemi  are  repr^Eeitted.  The  dott^  parU  dinppcar.  $,  Sob^kriM  artct]| 
V,  verlolj™]  arterj ;  Be,  Biillary  artery ;  «,  carotid  VlUoj  («',  oobi 
inner  carulis)  ;  p,  polmonar;  arttr;  (luag-artcrj). 

arjhee  develop,  and  those  lie  on  the  inner  surface  ot  tha' 
first  pair  of  gill-arches  (Figs.  147-150,  vol  i.  pp.  3d5-3£IS; 
Fig.  303).     A  second  and  a  tliiid  pair  of  arches  then  develop 
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'behind  iJie  first,  aad  these  are  situated  on  the  inner  suifaee 
of  the  second  and  third  gill-arches.  At  len^h.  a  fourth  and 
a  fifth  pair  appear  behind  tho  third  (Fig-  304) ;  but  while 
the  latter  are  developing,  tlie  first  two  are  again  disappear- 
ing by  growing  together  (Fig.  305).  The  permanent  main 
arteries  develop  only  from  the  three  posterior  arterial 
arches  (3,  4,  5,  in  Fig,  304),  the  hinrr-arteriea  from  the  last 
(p;  Fig.  306).     (Cf.  with  thU  Fig  302.) 

The  human  heart  aiso(Fiy  314)  develops  exactly  like  that 
of  other  Mammals.  We  have  alreaily  considered  the  first  prin- 
ciples of  its  germ-history  (vol.  i.  pp.  392-395,  Figs,  143-147), 
which  essentially  corresponds  with  its  Phylogeny.'"  We  saw 
that  the  very  first  rudiment  of  the  heart  is  a  spindle-shaped 
thickening  of  the  intestinal- fibrous  layer  in  the  ventral  wall 
of  the  head-inteatine  (Fig.  143,  df).  This  spindle-shaped 
formation  then  becomes  hollow,  forms  a  simple  pouch,  and 
separates  from  the  place  at  which  it  originated,  so  that  it 
tlien  lies  freely  in  the  cardiac  cavity  (Figs.  143,  146).'  This 
pouch  bends  into  the  form  of  an  S  (Fig.  144,  c),  and,  at  the 
same  time,  turns  spirally  on  an  imaginary'  ax^is,  so  that  the 
}K>sterior  part  lies  on  tlie  dorsal  surface  of  the  anterior 
part  The  combined  yelb-veina  open  into  its  posterior 
extremity ;  from  the  anterior  extremity  proceed  Ujo  arterial 
arches  (Fig.  150,  voL  L  p.  3D8). 

This  first  rudiment  of  the  human  heart,  which  encloses 

very  simple  cavity,  correJiponds  to  the  heart  of  the  As- 
cidtana,  and  mast  be  regarded  as  a  reproduction  of  tlie  heart 
of  the  Choi-donia ;  it  now,  however,  si'parates  into  two,  and 
then  three  parts,  thus  exhibiting  for  a  very  biief  period  tho 
heait-atructui-e  of  the  Cydoatoina  and  of  Fiahea.  The  spiral 
turn  ond  curve  of  the  heart  increases,  and,  aimultjineously. 


3*> 
two 
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tmiswiw  iiMl«nutii>ns  of  the  circmnfemtce 
■,  wbkli  extemallr  mark  the  xhme  sections  [Yign. »]?, 
9UH).     Tbe  antcnor  acctiotL  vliicfa  is  turned  tovr&nl  tbe 


Fio.  aOT.—  Biwt  fl  mm  eaArjamJa  Babbit,  fnm  hrhnid :  a.  jnA-ni 

,  ■raiwhr  i  f.  amiidt  (atrimm) :  4,  nartricWi  ^  artprjr-Mtttt  /,  laaa  of 

tfBC  pan  of  artarial  uvhca.    (Afto-  PiaDhoff.) 

Ftk-  aK— H««rt  of  the  nsc  ra>hr7ii  (Fifr-  30TX  from  ihs  fronl 

'  y>lk-*iRaBi   >.  ■ark)*;   «,  asrirsbr  nnal;    I,  feft   vvnirlde i    r,    ti 

«*iUnrlip ;  fat.  uurr-sMlk.     (After  BbtImiO 

ri«.  XB. — Ufwt  aad  Iwaul  of  ma  enOKTooK  Diifr.  frnm  Uie  fnaa 
a,  fufc-tyaia;  t.  rta:  r.  Kid-lwacB:  d.  )ir>Mili>*  knm  Jaw  i  r,  primiUl 
app"  )>■:/  gtB-aitWii!  y.  ti^  aatide;  h,  Irfiaanclri  i.  Inrt  reuindi 

Fia-  3la— BmH  of  tlw  OBE  mtir<m  rn.m  Wbind  :  a,  -nUtMuv  ft 
Trtt-tTJDj  1  h.  Irft  wricaikB'  |uiacmni  e^  Hf^hl  suriualar  ptmaa  ;  <t,  aarti 
^  wancslai  caaol  -.  f,  Wt  munrln ;  f,  n^bl  ventiidn  i  A.  anerlr  -Mi 
(iktter  BlbcIbC.) 

wntnd  side,  wi<l  from  which  the  liortal  arch'^  »|>rii 
rcpnxlaces  the  arteriAl  steJk  {btildus  arlentisu*)  of  I 
Si'lachiL  The  (wntn]  sectitm  is  the  nHliiuent  nf  a  idin| 
chamber,  or  vontricle  (i«Nfriru/N«)  ;  and  tlie  posteril 
aectioo,  t])c  one  turned  toward  the  dorsal  ade.  into  w1 
the  yvlk-veins  open,  ta  the  rutliment  of  a  Kimple  aui 
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(atrium).  The  latter,  like  the  aimple  auricle  of  the  heart 
of  the  Fish,  forms  a  pair  of  lateral  protuberances,  the  heart 
eare,  or  auricular  appendages  (auricuUe,  Fig.  307,  b) ;  and 
hence  the  indentation  between  the  auricle  and  ventricle  is 
called  the  auricular  canal  (canalis  auricularia,  Fig.  308,  cqV 
The  hi'art  of  the  human  embryo  is  now  a  complete  Fisl. 
heart 

Corresponding  exactly  with  the  Phylogeny  of  the  human 
ho&rt  (Table  XLI ),  its  Ontogeny  exhibits  a  gradual  tran- 
sition from  the  Fish  heart  through  the  Amphibian  heart  to 
the  Mammalian  heart.  The  most  important  step  in  this 
advajice  is  the  formation  of  a  longitudinal  partition,  im- 
perfect at  first,  afterwards  complete,  by  which  all  the  three 
aeetiona  of  the  heart  are  separated  into  a  right  (venous)  an-l 
a  lea  (arterial)  half  (Cf.  Figs.  309-314.)  The  auricle 
(atrium)  is  thus  divided  into  a  right  and  a  left  auricle,  each 
of  which  actjuii'es  its  respective  auricular  process;  the  body- 
veins  discharge  into  the  right  auricle  (ascendi.ig  and  de- 
Mending  vena  cav<e.  Fig.  311,  c.  Fig.  313,  c) ;  the  left  auricle 
receives  the  lung-veins.  Similarly,  a  supei-ficial  "inter- 
VAutricular  furrow"  (suZcue  interventricalai-is,  Fig.  3l2,8j 
appeani  at  an  early  period  on  the  main  chamber  of  the 
heart,  the  external  expression  of  the  internal  partition,  by 
th<]  formation  of  which  the  ventricle  ia  divided  into  two 
ehamljers,  a  right  (venous)  and  a  left  (arterial)  ventricle. 
Finally,  a  longitudinal  partition  forms,  in  a  similar  way, 
in  the  third  section  of  the  primitive  heart,  which  so  much 
Tesembles  tliat  of  a  Fish,  in  the  arterial  stalk,  which  is  alsn 
temally  indicated  by  a  longitudinal  furrow  (Fig.  312,  (j/). 
This  separates  the  cavity  of  the  artery-stalk  into  two 
iBtcml  halves ;  the  main  lung  arteiy,  which  opem  into  the 
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Fiu.  311.— Bran  ut  a  humnii  ktiiItvci  of  foar  wp>^ka  i  I.  fmm  Ihp  tmntL 
S,  rrnni  the  Iwcb  j  a,  u|m>q,  and  with  (he  appcrhalt  oT  the  Knriele 
•'.  left  anricMiIar  (iniDos)) ;  ii",  richt  aariciilnr  pnH«a«  i  f'.  Ml  mitr 
i'",  riglit  rvDtriolo  i  ao,  nrtm*]r.fitBlk  i  e.  npppT  hiillow  vein  (imn  durd) 
H^lit.  cf.  lKft)i  t,  niilimE&t  of  tbv  {lartiliiui,  between  tlte  cbiuubon.  (■' 
Koelllb^r.) 

Piu.  3IS. — HmH  of  »  hnniMi  embryo  of   ri*  wn-lto.  frofD  Ihe  b 
r,  right  n>nlrli!ls  ;  (,  Infl  venlriok  i  »,  fuirow  brtwixni  Ibe  twti 
la,  nrti'rr.slBlk  i  i^,  rnrroir  on  Its  tmrfkm :  nt  thn  riebt  and  loll  •»>  t 
twii  Im^  tturieuUr  proccsws  of  tho  lienrt.     (After  Kclwr.) 

FlO.  HI3.— Henri  of  &  hnttiwi  nn-lir™  i.f  PiRhl  wwkf.  trem  lifUi 
a',  tett  Kuriuulkr  piucecs :  n".  riijht  oarieular  pmtra :  r',  left  noilndl 
v",  right  renlricle:  nJ',  right  nppcr  vma  Aim  ;  <«,  Ifti  upp«r  <nma  am 
ei,  luwer  i«na  ratii.    (Aim  K<»Illkcir.) 

Fill.  8li.— Hoan  of  liumiin  nilult.  perlWtlj'  dmvlapwl,  mm  Um  ftmt. 
iu  ruiliiml  position :  a,  rinlit  ftorioaUr  pnxvsa  (bc<low  il,  itie  riitht 
b,  left  unrieolBr  pniratK  {behjw  it,  the  left  rentn'ole) ;  C,  D|ipor  i 
r,  lung-veina  i  P.  laog^rier?:  d,  Botaliri  dam )  A.ncrtn.     (After  Xe^. 

right  venti-iule,  and  tlic  Borta-tnink,  wliich  opent  into  tl 
left  ventride.  Not  until  nil  these  partitions  are  ciiniplel 
is  the  lesser,  or  luiig-eiifulation,  entirely  ilistinct  from  tl 
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greater,  or  body-circulation  ;  the  right  half  of  the  heart  ia 
the  centre  of  motion  for  the  former,  the  left  half  for  the 
latter,     (Ct.  Table  XLI.) 

In  the  human  embryo,  and  in  all  other  Amniota.  the 
heart  originally  lies  far  forward  on  the  lower  side  of  the 
head,  as  in  Fishes  it  remains  permanently  near  the  throat 
Afterwards,  with  the  advancing  development  of  the  neck 
and  chest,  the  heart  continually  moves  further  back,  until 
at  last  it  is  situated  in  the  lower  part  of  the  breast  between 
the  lungs.  At  fii^t  its  position  is  symmetrical,  in  the  central 
plane  of  the  body,  so  that  its  longitudinal  axis  corre- 
sponds with  that  of  the  body  (Plate  IV.  Fig.  8).  In  most 
llammals  it  retains  this  symmetrical  position  permanently ; 
but  in  the  Apes  the  axis  begins  to  incline  obliijuely,  and  to 
move  the  apex  of  the  heart  to  the  left  side.  This  inclination 
is  carried  furthest  in  the  Man-like  Apes;  in  the  Chim- 
}>anzee,  Qorilla,  and  Orang,  which  also  resemble  Man  in 
this  oblique  position  of  the  heart. 

The  germ-history  of  all  other  parts  of  the  vascular  system, 
tike  that  of  the  heart,  point  out  many  and  valuable  facts  re- 
garding the  history  of  our  descent.  But  as  an  accurate  know- 
ledge of  the  complex  arrangement  of  the  entire  vascular  system 
of  Man  and  other  Vertebrates  is  required,  in  order  to  fiillow  the 
matter  sufficiently  far  to  make  it  intelligible,  we  cannot  here 
ent«r  into  any  further  detail.""  Moreover,  many  important 
fixtures  in  the  Ontogeny  of  the  vascular  system,  especially 
in  regard  to  the  derivation  of  its  various  parts  from  the 
secondary  germ-layers,  are  as  yet  very  obscure  and  doubtful 
This  is  true,  for  example,  of  the  question  as  to  the  origin  of 
the  ccelom -epithelium — that  is,  of  the  cell-layer  coating  the 
body-cavity.     Pi-obably  there  ia  an  important  phylogenelio 
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dUUnctton  between  the  exoccelar,  or  the  parietal  coelom-l 
epithelium,  which  onginates  liom  the  skin-fibrous  layer, andv 
the  endoccelar,  or  the  visceral  coelom-epithelium,  whicbfl 
18  derived  from  the  intestinal-fibrous  layer.  The  foimtfl 
ifl,  perhaps,  connected  with  the  male  genn-epitheliui 
rudiment  of  the  testes),  the  latter  with  the  female  gem 
epithelium  (the  rudiment  of  the  ovary).    (Cf.  Chapter  XXVjl 


TABLE  XL. 


SiRiaino  BuiTXT  or 


I.  Krvt  PeHoi :  Fateular  Svflmn  of  tha  tartifr  ScoUeiiU^ 
BotwcFD  the  Bkin.oorerinjt  and  the  intonliual  wall  ia  tanned  k  rin 
bodj-Dnritj  (calonia),  ur  a  perieuterio  carit;  (m  in  the  exunt  Biytmt  < 

other  Ca'.omati). 


1  0/  tKf  mnrt  mrri  SalitU*. 
«tianl  wall  (in  Ibg  i 


LI.  Sicond  Prriod  ;  Vatevtar  SyiU 
The  first  real  blood-feueb  tntm  in  t 
flbroaa  la^er],  a  dorsal  vobmI  in  tlie  contnU  line  of  the  dorsal  (tde  of 
inteBtiDBl  tube,  and  a  rentral  ressel  in  the  oenlial  line  of  its  Tentlml  *l 
The  two  coaBels  are  oonuected  bj  BBveral  oiiculor  iiniiil*.  imoinlJin 
intestine. 

in.  Third  JVitrf  :  V(ucular  SytUn  of  the  mrlier  CW^doste, 
Sj  the  modifionlion  of  the  anterior  half  of  the  Inlectine  inl«  •  | 
tntestinp.  the  anCeriur  BGClinn  of  the  renttal  teaae]  beoome*  •  gilUaitt 
and  tlie  anterior  leetion  of  the  dorsal  Toeael  ft  Kill-'Bin  t  betwrvn  tbe  1 
ft  gill  cajiillary  network  derolupo. 

IT.  Fourth  Period  i  Vatcvlar  Syitmt  0/  the  nan  reetnt  Ctordoiua. 
The  portion  ot  the  ventral  reuel,  Ijing  immediatal;  beliind  tbe  a 
Intoatine,  eiilarKea  to  a  simple  beui-paaoh  (Auiidiftn). 
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V.  Fifth  Period :  Vaaeular  System  ctf  the  AeramtL 

The  Tentral  Tessel  (inieBtinal  vein)  forms,  round  the  developing  Hrer. 
no^  the  first  mdiment  of  a  vena  portso  system. 

VL  Simth  Period :  Vmcular  System  qf  the  Cyclostomi. 

The  single-chambered  heart  divides  into  two  chambers;  a  posterior 
ventricle,  and  an  anterior  anricle.  The  lymph-yessel  system  develops  side 
by  side  with  the  blood-vessel  system. 

Vn.  Seventh  Period :  Vaaeular  System  of  the  Primitive  Fishee,  or  SeUuhii, 

From  the  anterior  section  of  the  main  chamber  of  the  heart  arises  an 
artery-stalk  or  trunk,  from  which  five  (?)  pairs  of  arterial  arches  proceed. 

VIIL  Eighth  Period :  Vascular  System  of  the  Mud-fishes. 

From  the  last  (fifth)  pair  of  arterial  arches  the  Inng-arteriee  develop, 
■a  in  the  Dipnensta. 

IX.  Nitith  Period  t  Foteular  System  of  Amjlhi^na, 

The  gill-arohes  gradually  disappear  with  the  gills.  The  right  and  left 
aortal  arches  remain. 

X.  Tenth  Period :  Vascular  System  of  Mammals. 

The  separation  of  the  greater  from  the  lesser  oiroolation  is  complete. 
The  right  aortal  arch  unites  with  Botalli's  duct. 


TABLE   £LL 


STffmuno  SuBTXT  or  thb  most  important  Peeiods  m  thb  Pbtloobmt 

or  THE  Human  Heart. 

L  First  Period  t  Heart  qf  OhordonitL, 

The  heart  forms  a  simple  spindle-shaped  enlargement  of  the  ventral 
I,  with  an  alternating  blood-current  (as  in  Ascidia). 


II.  Second  Period :  Heart  of  Acrania. 

The  heart  is  like  that  of  Chordonia,  but  the  blood-current  acquires 
a  constant  direotiont  passing  only  from  baok  to  front.  (Retrograded  in 
Amphiozns.) 
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m.  Third  Period :  Heart  qf  Cyclostofma. 

The  heart  diindes  into  two  chambers,  a  posterior  aaride  (atrivm)  and 
an  anterior  y.entricle  (yentrieuhu). 

lY.  Fwvrth  Period :  Heart  of  Primitive  Fishet, 

From  the  anterior  section  of  the  ventricle  is  differentiated  an  arterisj 
stalk  {ballnu  arteriostta),  as  in  all  Selachii. 

y.  Fifth  Period :  Heart  of  the  Mud-ftehee. 

The  anride  divides,  bj  an  imperfect  and  interropted  partition,  into 
a  right  and  a  left  half,  as  in  Dipnensta. 

YL  Bimth  Period :  Heart  of  Amohihia, 

The  partition  between  the  right  and  left  auricles  becomes  complete,  as  in 
the  higher  Amphibia. 

Vn.  Beverdh  Period :  Heart  df  Protamnia, 

The  main  chamber  of  the  heart  divides,  by  an  incomplete  partition,  into 
a  right  and  a  left  half,  as  in  Reptiles. 

YIII.  Eighth  Period  :  Heart  of  Monotrema, 

The  partition  between  the  right  and  left  ventricles  becomes  complete,  as 
in  all  Mammals. 

IX.  Ninth  Period :  Heart  of  MarstipiaU* 

The  valves  between  the  anrides  and  ventricles  (atrio. ventricular  valves), 
together  with  the  connecting  filaments  and  papillary  muscles  belonging  to 
them,  are  differentiated  from  the  muscolar  masses  of  Moootremes. 

X.  Tenth  Period :  Heart  of  Jpee. 

The  main  axis  of  the  heart,  lying  in  the  central  line  of  the  body 
becomes  obliqoe,  so  that  the  apex  is  tnmed  to  the  left,  as  in  Apes  and 
BCaiL 
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CHAPTER   XXV. 


DEVELOPMENT  OF  THE  URINARY  AND  SEXUAL  0RGA5&  I 

Iniportanoe  of  Rnprod action. — Oroirtli. — Simplost  Forms  of  Aaemal  Repm-  I 
dnotioQ:  Diriaiou  and  tLe  Form&Uon  of  Buds  (Gemmalion). — Simplal  ■ 
Forma  ol  Bemal  Beprodaction :  AmldgKinstion  of  Two  DiffereoliaMd 
Cells;  the  Hale  Spenn.oell  Mid  the  Femola  E^g-cell.— FertiliMtioii.— 
Sonrco  of  Love. — Originol  Hormnphroditiain  j  Later  Sopamtion 
Soies  (GoDOclioTiBiii). — Original  DeTclopment   of   the  Two   E 
Saxnal  Cella  from  the  Two  Primary  GennMjen. — The  Kala  E 
and  Female   Entoderm. — CerelopmeBC  of  the  Teatea  and  C 
Passage  of  tlio  SeioBl  Cella  ioto  the  Ccetom. — Her 
of  the  Embrjonio  Epithelinm,  or  SerDal  PUie.- 
Sexnal  Docta. — Egg-dact  and  Seed-dnot. — DeTetopment  a 
the  Primitive  Eidoej  Dactfl,— Eioretor?  Organs  of  Won 
Canals  "  of  Ringed  Worms  (Jnnilida).— Side  Canals  of  the  Ak^ 
— Frimicire  Kidneja  ot  the  Myrinoid^t. — Frimitire  Kidoeja  ol  S 
Animftl*    (Cranioia).  —  Develnpment   ot    the    Permanent    T 
KidneTB  in  Aniniota. — Development  of  tbe  nrinaiy  Bladder  fi 
Alhtntois.~Di(ferentiatii>a  ot  tke   I'rimarr  and  Seoondaty   Pi 
Eidnej  Dnotg.— The  MuUerian  Dact  (Egg-dDct)  and  the  Wolfflan  D 
(Seed-duct). — Change  of  Foaition  of  tlie  Oenu-glandi  in  Hxmmi  ~ 
Formstion  of  the  Egg  in  Uammala  (Giaafion  Folliols). — Origin  o 
External  Beziud  Drgana, — FurmatioD  of  the  Cloaca. — Uermapfaroditii 


"Tfao  moct  important  traths  in  Natora]  Science  an  di 
b;  the  mere  analTsis  of  piiiloHiphii-al  ideas,  nor  bj  limpli 
bj  ffttcliv*  MptKfnt*,  which  diitin^shos  the  esseDtial  from  the 
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(n  tho  phenonena  observe,  Bod  thu  Ends  pn'Doiplea  tram  lAich  vuuij 
np«rieno«B  can  be  dtrirsd.    This  la  more  than  mere  eiiwrimioe  1  it  ia, 

■o  ta  apokk,  pUilosoplticol  eiperience." — Jqbuiiies  MulEiXB  (1840). 

If  we  judge  of  the  importance  of  the  organ-systems  of  the 
animal  body  according  to  the  number  and  vaiiety  of 
phenomena  which  they  present,  and  according  to  the 
physiological  interest  connected  with  them,  we  must  recog- 
nize as  one  of  the  most  important  and  interesting  organic 
systems,  the  one  to  the  development  of  which  we  now, 
finally,  turn ;  the  system  of  the  reproductive  organa  Just 
as  nutrition  is  the  first  and  most  important  condition  of 
self-preservation  of  the  organic  individual,  so  by  repro- 
duction alone  is  the  preservation  of  the  kind  or  species 
effected,  or,  rather,  the  preservation  of  the  long  series  of 
generations,  which  in  their  genealogical  connection  form  the 
«Min  of  the  organic  tribe,  or  phylum.  No  organic  individual 
ei^oya  an  eternal  life.  To  each  is  granted  but  a  short 
■pan  of  time  for  his  individual  evolution,  a  brief,  fleeting 
momsnt  in  the  long  millions  of  years  of  the  earth's  organic 
history. 

B*prodiiction  in  connection  with  Heretlity  has,  there- 
fore, long  been  regarded  as,  after  nutrition,  the  most 
important  fundamental  function  of  the  organism,  and  it  ia 
customary  to  make  this  a  primary  distinction  between 
living  bodies  and  lifeless  or  inorganic  bodies.  But  thia 
distinction  is  in  reality  not  so  deep  and  thorough  as  it  at 
first  appears,  and  as  ia  generally  assumed.  For,  if  the 
nature  of  the  phenomena  of  reproduction  ia  closely  con- 
■idered,  it  is  soon  seen  that  it  may  be  reduced  to  a  nioro 
general  quality,  that  of  growth,  which  belongs  to  inorganic, 
well  u  to  organic  bodies.    Reproduction  is  a 'nutrition 
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and  a  growth  of  the  oi^nism  beyond  the  individual  sin 
which,  therefore,  raises  a  part  of  the  organism  to  the  rani 
of  a  whole  (vol.  i.  p.  loSt).  Tliis  is  most  clearly  socn  bj 
observing  the  reproduction  of  the  simplest  and  Jowei 
organisms,  especially  of  the  Monera  (p.  46)  and  of  the  < 
celled  Amccba  (p.  4S).  In  these,  the  simple  individual  pa 
Besses  only  the  form-value  of  a  single  plasttd.  Aa  soon  a 
by  continued  nutrition  and  simple  growth,  this  has  reachet 
a  certain  size,  it  does  not  exceed  that  size,  but  falls,  by 
simple  division,  into  two  similar  halves.  Each  of  the« 
two  halves  thenceforth  leads  an  independent  life,  and  egaii 
grows,  till,  having  reached  the  same  limit  of  growth,  it  onct 
more  divides.  At  each  of  these  simple  self-divisions,  tw 
new  central  points  of  attraction  for  the  particles  of  tbi 
body  are  formed,  as  foundations  of  the  two  new  indi 
viduala,"** 

In  many  other  Primitive  Animals  (Prolozoa),  the  sttnpll 
reproduction  is  accomplished,  not  by  division,  but  by  Ihi 
formation  of  buds  (genuiiation).  In  this  case,  the  growtli, 
which  prepares  the  way  for  reproduction,  is  not  hital  (as  h 
the  ease  of  division),  but  partial.  Hence  in  the  caE«  o 
gemmation,  the  product  of  local  growth,  which,  aa  a  bu^ 
forms  a  new  individual,  can  be  distinguished,  as  a  youni 
individual,  from  the  parent-organism  from  which  il 
originates.  The  latter  is  older  and  larger  than  the  fonnct 
In  the  case  of  division,  on  the  contrary,  the  two  products 
are  of  equal  age  and  of  equal  form-value.  Further 
differentiated  forms  of  asexual  reproduction,  connected 
with  gemmation,  are,  tliijilly,  the  formation  of  germ-budt, 
and,  fourtlily,  the  formatiMi  of  germ-cella.  Tha  latle^ 
however,  brings  us  directly  to  sexual  reproduction,  for  which 
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the  opposed  differentiation  of'the  two  sexes  ia  the  conditi(in. 
In  ray  Oenerdle  Morplwlogie  (vol  ii.  pp.  32*71),  and  in 
my  "  Natural  History  of  Creation "  (voL  L  p.  183),  T 
have  fiilly  discussed  the  connection  of  these  various  forma 
of  reproduction. 

None  of  the  earliest  ancfistora  of  Man  and  of  the  higher 
animals  were  capable  of  the  higher  function  of  sexual 
reproduction,  hut  multiplied  only  in  an  asexual  manner,  by 
division  or  gemmation,  by  the  formation  of  germ-buds,  or  of 
germ-cells,  aa  is  etilt  the  case  with  most  Priiiiieval  Animals 
or  Protozoa.  It  was  not  until  a  later  period  in  the  organic 
hiatoiy  of  tl»o  earth,  that  sexual  difference  of  the  two 
sexes  could  arise  ;  and  this  took  place  at  first  in  the 
simplest  manner  by  the  severance  of  two  cells  which 
amalgamated  from  the  community  of  the  many-celled 
organism.  We  may  say  that,  in  this  case,  growth,  which  is 
the  condition  necessary  to  reproduction,  was  attained  by 
the  union  of  two  full-grown  cells  into  a  single  cell  which 
then  exceeded  its  proper  size  ("  copulation "  or  conjuga- 
tion"). At  first,  the  two  united  cells  may  have  been 
entirely  alike.  Soon,  however,  by  natural  selection,  a  con- 
trtst  must  have  arisen  between  them.  For  it  must  have 
been  very  advantageous  to  the  newly-created  individual  in 
tJie  struggle  for  existence,  to  have  inherited  various  quali- 
ties from  the  two  parent-cells.  The  complete  devclopmtnt 
of  this  progressive  contrast  between  the  two  producing 
cells,  led  to  sexual  difftTentiation.  One  cell  became  a 
female  egg-cell,  the  other,  a  male  seed  or  spenn  cell 

The  sinipli-st  form  of  sexual  rcproiluction  among  existing 
animals,  is  exhibited  in  Gostrxads  and  the  lower  Sponger, 
eepecially  the  Chalk  Sjionges,  and,  also,  in  the  aimplutit 
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Hydroid  Polyps.  la  the  HaJiphj'sema  (Fig.  315)  and  in 
the  Olynthus  the  whole  hody  is  a  simple  intestinal  poach, 
which  is  only  essentially  distinguished  from  the  gastrala  by 
the  fact  that  it  ia  adherent  by  the  end  opposite  the  mouth. 
The  thin  wall  of  the  pouch  consists  only  of  the  two 
primary  germ-layers.  As  soon  as  it  is  sexually  mature^ 
single  cells  of  the  wall  become  female  egg-cells,  othen 
become  male  sperm-cella,  or  seed-cells ;  the  former  grow 
very  large,  aa  they  form  a  considerable  number  of  yelk- 
granules  in  their  protoplasm  (Fig.  181.  e);  the  latter,  on  the 
contrary,  by  continued  division,  become  very  small,  and 
modify  into  movable  "pin-ahaped"  spermatozoa  (Fig.  17, 
vol.  i.  p.  173)-  Both  kinds  of  colls  sever  themselves  from  their 
birthplace,  the  primary  germ-layers,  fall  either  into  the 
surrounding  water  or  into  the  intestinal  cavity,  and  thers 
unite  by  araalgamatioa  This  is  the  very  important  process 
of  the  fertilization  of  the  egg-cell  by  the  sperm-celL  (C£ 
Fig.  18,  vol.  l  p.  175,) 

These  simplest  processes  of  sexual  reproduction, 
exhibited  at  the  present  time  in  the  lowest  Plant  AnimalS) 
especially  in  the  Chalk  Sponges  and  Hydroid  Polyps,  infona 
U3  of  several  extremely  important  and  significant  facta; 
in  the  first  place,  we  learn,  that  for  sexual  reproduction  ta 
its  simplest  form,  nothing  more  is  required  than  tha 
blending  or  amalgamation  of  two  differing  cells,  a  femala 
egg-cell  and  a  male  sperm-cell,  or  eeed-celL  All  other 
circumstances,  and  all  the  other  extremely  complex  pheno- 
mena, accompanying  the  act  of  sexual  reproduction  in  tha 
higher  animals,  are  of  a  suborjinate  and  secondary  chani>< 
ter,  and  have  only  attached  themselves  secondarily  to  that 
simplest  primary  process  of  copulation  or  fertilization, 
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have  arisen  by  differentiation.  But,  now,  if  we  consider 
what  an  extraordinarily  important  part  is  everj-whero 
played  by  the  relation  of  the  two  seiLes  in  organic  nature, 
in  tha  vegetable  kingdom,  as  in  animal 
and  human  life;  how  the  reciprocal 
inclination  and  attraction  of  the  sexes, 
love,  gives  Uie  impetus  of  the  most 
varied  and  remarkable  procctises,  is, 
even,  one  of  the  most  important 
mechanical  causes  of  the  highest 
diflerentiation  in  life  ; — if  we  consider  , 
thb,  we  canoot  over-estimate  tliis  re- 
tracing of  "love"  to  its  primitive 
eource,  to  the  power  of  attraction  be- 
tween two  differing  cells.  Eveiy- 
where    throughout   animated    naturu 


Fm.  31G. — Lon^tudiiml  Epctioti  through  it 
HKliph^iema  [Oastrwada)  The  cgg.celU(B)  are 
enlarged  epitholial  oclls  o!  the  entodorm  (g), 
•nit  liu  freelir  in  thp  primitivu  iotestiiial  cavitj 
(il) :  m,  tmmth-opeuiiig  ;  h,  i^iodprm. 


the  greatest  results  proceed  from  this  moat  insignificRUr 
caase.  It  is  only  necessary  to  think  of  the  part  played  in 
nature  by  the  flowers,  the  reproductive  organ  of  flowering 
plaiito;  or  of  the  multitude  of  wonderful  phenomena 
caused  by  sexual  selection  in  animal  life  ;  or,  finally,  of  the 
im[>ortant  influence  exert«d  by  love  on  human  life  :  tlic  coa- 
K^cence  of  two  cells  b  everywhere  the  single,  original 
impelling  motive ;  everywhere  this  api>arently  trivial  pro- 
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cess  exerts  the  greatest  influence  on  the  <Jevc1opment  of  tb> 
most  varied  circumstances.  We  may.  indeed,  asBert,  thstJ 
no  other  organic  process  can  be,  even  remotely,  compared  i 
thia  in  extent  and  intensity  of  differentiating  eSeci.  F< 
is  not  the  Semitic  myth  of  Eve,  who  seduced  Adam  1 
knowledge,  and  is  not  the  old  Greek  legend  of  Faris  an 
Helen,  and  are  not  very  many  other  famous  fictions, 
the  poetical  expression  of  the  immeasurable  influence,  vriad 
love,  in  connection  with  "  sexual  selection," "  has  exert«d 
ever  since  the  differentiation  of  the  two  sexes,  on  the 
gress  of  the  world's  history?  All  other  passions  that  agitalj 
the  human  breast  are  in  their  combined  effects  fiu  la 
powerful  than  love,  which  inflames  the  senses  and  fools  tl 
understanding.  On  the  one  hand,  we  gratefully  glorify  loi 
as  the  source  of  tlie  most  splendid  creations  of  art ;  of  d 
noblest  productions  of  poetry,  of  plastic  art  and  of  muai 
we  reverence  in  it  the  most  powerful  factor  in  huma 
ci^-ilization,  the  basis  of  family  life,  and,  consequently,  ( 
the  development  of  the  stata  On  the  other  hand,  we  fear 
in  it  the  devouring  flame  which  drives  the  nnfortunate  to 
ruin,  and  which  has  caused  mora  misery,  vice,  and  crii 
than  all  the  other  evils  of  the  human  race  taken 
So  wonderful  is  love,  and  so  immeasurably  important 
influence  on  mental  life,  on  the  most  varied  functions  of 
medullary  tube,  that  in  this  point,  more  than  in  any  ol 
"  supernatural "  causation  seems  to  mock  every  nati 
explanation.  And  yet,  notwithstanding  all  this,  the 
parative  history  of  evolution  leads  us  back  very  clearly 
indubitably  to  the  oldest  and  simplest  source  of 
the  elective  affinity  of  two  differing  cells ;  the  sperm- 
and  the  egg-celL 


1  togethei 
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Just  as  tbe  lowest  Plant  Animals  exhibit  this  most 
simple  origin  of  the  complex  phenomeDa  of  reproduction, 
»o.  ID  the  second  place,  they  reveal  the  highly  important 
fact,  that  the  earliest  and  most  primitive  sexual  relation 
was  hermaphroditism,  and  that  the  separation  of  the  sexes 
originated  from  this  only  secondarily  (by  division  of  labour), 
HennaphrodiUsin  is  prevalent  in  lower  animals  of  the  most 
different  groups;  in  these,  each  single  individual,  when 
aexually  mature,  each  person,  contains  male  and  female 
sexual  celk,  and  is,  therefore,  capable  of  self-forlillzation 
and  self-reproduction.  Thus,  not  only  in  the  lowest  Plant 
Animals  just  mentioned  (the  Gasti-seads,  Chalk-apongew, 
and  many  Hydroid  Polyps)  do  we  find  egg-cella  and 
Bperm-cells  united  in  one  and  the  same  person ;  but 
many  Worms  (for  example,  the  Asddiana,  Earth  Worms 
and  Leeches),  many  Snails  (the  common  garden  Snail),  and 
many  other  invertebrate  animals  are  also  hermaphrodite. 
All  the  earlier  invertebrate  ancestora  of  man,  from  the 
Oastnuada  up  to  the  Chordonia,  must  also  have  been  her- 
maphrodite. So,  probably,  wore  also  the  earliest  Skulled 
Animals  (Figs.  62-50,  e,  h,  vol.  i.  p.  25G).  One  extremely 
weighty  piece  of  evidence  of  this  is  aflbrded  by  the  remark- 
able fact,  that  even  in  Vertebrates,  in  Man  as  well  as  other 
Vertebrates,  the  original  rudiment  of  the  sexual  organs  is 
hermaphrodite.  The  separation  of  the  sexes  (GoJlocfio- 
ri»m),  the  asaigimient  of  the  two  kinds  of  aexnal  cells 
to  different  individual'*,  originated  from  hermajjhroditism 
only  in  tlie  farther  course  of  tiibal  histfiry.  At  first,  male 
and  female  individuals  ditfered  only  in  tho  poss-jssion  of  the 
two  kinds  of  cells,  but  in  otlier  resi>ect«  were  exactly  alike, 
ta  is  DOW  the  case  in  the  Amphioxua  and  the  Cyclostoma 
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Rot  until  a  later  period,  by  the  l&v  of  sexual  selection,  w 
mtly  elucidaUid  by  Darwin,  were  developed  the  so- 
called  "seooDidaiy  sexual  cbojacters,"  that  is,  those  dlf- 
ferenees  in  tfae  male  and  female  sexes  which  are  exhibited, 
not  in  the  sexoal  organs  themselves,  but  ta  other  parts  of 
the  body  (for  example,  the  beard  of  the  man,  the  breast  of 
tbe  voman)." 

Tbe  third  important  fact,  taoght  ua  by  the  lower  Plant 
),  refeis  to  the  earliest  origin  of  Uie  two  kinds  of 
J  cells.  For.as  in  Gastrteads,  and  in  many  Sponges  and 
Bydroids,  in  which  we  meet  with  the  simplest  rudiments 
f  aexoal  ditferentiatjon,  the  whole  body  consists  throughout 
6  only  of  the  two  primary  germ-layets,  the  two  kinds  oC 
sexual  cells  can,  therefore,  only  have  origimited  from  cells 
of  the  two  primary  germ-layera.  This  simjile  discovery  t« 
of  extieme  importance,  because  the  question  of  tfae  tirsfc 
origin  of  the  egg-cells  as  well  aa  of  the  sperm-cells  in  tht 
higher  animals — and  especially  in  Vertebrates — presenlft 
unusual  difficulties.  In  these  animals  it  usually  appear* 
as  if  the  sexual  cells  developed,  not  from  one  of  the  t 
primary,  but  from  one  of  the  four  seconJaiy  gcnn-layeiK 
If,  as  most  authors  assume,  they  do  originate  from  tlit 
middle-kyer,  or  mesoderm,  the  fiu^t  is  due  to  an  ontogenetie 
heterotopism,  to  a  displacement  in  position.  (Cf  vol  L  p.  13.][ 
Unless  the  unjustifiable  and  paradoxical  assumption,  Otofe 
the  sexual  cells  are  of  entirely  diSerent  origin  in  tJie  highd 
and  in  the  lower  animals,  is  accepted,  we  are  compelled  t4 
derive  them  originally  (phylogenctically),  in  the  former  as  ifl 
the  latter,  from  one  of  the  two  primary  germ-layera.  It  n 
then  be  assumed  that  these  cells  of  the  skin-layer  or  c 
I  the  intestinal  layer,  which  must  be  regarded  aa  the  eailiet 
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progenitors  of  the  spemi-cella  and  of  the  pgg-cells,  with- 
drew, during  tlie  separation  of  the  skin-fibrous  layer  from 
the  skin-acnaory  layer,  or  of  the  inteatinal-fibroua  layer 
fi-om  the  intestinal-glandular  layer,  into  tlie  body-cavity 
ealir'na),  which  waa  in  process  of  formation ;  and  that 
they  thus  acquired  the  internal  position  between  the  two 
fibrous  layers,  which  appears  as  their  original  position, 
when  the  sexual  cells  first  become  distinct  in  the  vertebrate 
embryo.  Otherwise,  we  should  be  obliged  to  accept  the 
improbable  polyphyletic  hypothesis,  that  the  origin  of  the 
^g-cetls  and  sperm-cells  is  difierent  in  the  higher  and  in 
the  lower  animals,  that  their  origin  in  the  former  is  inde- 
pendent of  that  in  the  latter. 

If  we,  accordingly,  derive  the  two  kinds  of  sexual  cells 
from  the  two  primary  germ-layei-s  in  man  as  in  p,11  other 
animals,  the  farther  question  arises:  Did  the  female  egg- 
cells  and  the  male  sperm-cells  develop  from  both  primary 
germ-layers,  or  from  one  only  ?  and,  in  the  latter  case,  from 
which  of  the  two  ?  This  important  and  interesting  question 
is  one  of  the  most  dilficult  and  obscure  problems  in  the 
history  of  evolution,  and,  up  to  the  present  moment,  no  full 
and  clear  8olution  has  been  attained.  On  the  contrary, 
the  most  opposite  answers  are  given  to  it  even  yet  by 
naturalists  of  note.  Among  the  various  possible  solutions 
only  two  have  been  generally  considered.  It  baa  been 
supposed  that  both  kinds  of  sexual  cells  originally  de- 
veloped from  the  same  piiiuary  germ-Iaycr,  eitlier  from  the 
akio'layer  or  the  intestinal  layer ;  but  almost  as  many  and 
as  able  observers  have  accepted  the  one  as  the  origin  as 
the  other.  Quite  recently  the  Belgian  naturalist,  Eduard 
van  Beneden,  has  asserted,  on  the  contrary,  that  the  egg-cells 
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nrigiMity  ftoB  tike  intesdiu]  lajcr,  the  spemi-eeDa  from  t 
JtiurivfvrJ'*  Iq  Gftstrsad^  Sponges,  and  Hydro-medof 
Ltts  •ppnn  RftDy  to  be  the  c&s&  The  derelopmcot  of  UnI 
llRsnal  SSatnom,  whidi  is  ao  rich  in  resulte.  must,  w-J 
I  nnliiigty,  hftTe  oomineiMsd  eveo  during  the  diffen 
K^tbe  two  |»riiii«rj  gism-Uf  ers  ia  the  dmplest  i 
;  the  exoderm  vould  be  the  male  a 
9  entodenn,  the  female.  If  this  discorerj  c^  Van  I 
cstahlidied  and  proves  to  be  a  usiveisal  law.  Biology  wiU'l 
l',fun  m  most  pr^nant  advance ;  for  not  only  would  all  th*  j 
B«BntndiGtocy  empiric  eqilanattons  be  answered,  bat  a  new  I 
1  woold  be  opened  (or  philoaophic  reSection  on  one  of  | 
r  iIm  most  important  of  biogenetic  processes. 

If  ve  now-  trace  the  Phytogeny  of  the  sexoal  orguu  J 

Id  oar  earBest  Uetaxoic  ancestou  further,  as  it  is  indicate^  J 

r«t  the  present  time,  in  the  CotuparaUve  Anatooiy  and  I 

my  of  tbo  lowest  Worms  and  Plant  Animals,  we  J 

,  as  the  first  advance,  the  accumulation  of  the  edb  o 

into  deSnite  groups.     Whilfl  in  Sp< 

B  lowest  Hjdia-PcJyps  single  scattered  cells  sepi 

a  edl-layef8  of  the  two  primary  germ-layera,  aodl 

I  &«e  sexual  cells,  in  the  higher  Plant  Anlmtte^ 
fnd  Wonas  ««  find  these  same  cells  associated  and  eol-J 
1  into  groofs  of  aggrt^te  oeUs,  whieb  ai^  J 
I.  called  '  sexual  ^ands.' or  "  germ-glands  "  0 
i  m  only  now  that  w«  can  ^>eak  of  sexual  e 

I8&    Tbe  fiuoale  genn-glands  wlii 

,  a  their  Mmpi—t  Sana  constitute  a  mass  of  homo*  | 

I  tfg^xDa,  an  the  oraries  (orano,  or  oophora;  Fig:  I 

kll.  *k  p^  196).    The  male  gem-glandfl,  which  in  their  I 

ltv«  IbrB  abo  ooosiBt  nertAy  of  a  raaaa  of  ^lerm-cell^  f 
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•re  the  festes  {testiculi,  or  orchiihis ;  Fig.  211,  A).  Wa  finO 
the  ovai'it!8  and  te&tes  in  this  earliest  and  simplest  shape 
not  only  in  many  Worms  (A  nnelida)  and  Plant  Animalts 
but  also  in  the  lowest  Vertebrates,  in  the  Skull-less  Animals 
{Aoranm),  In  the  anatomy  of  the  Amphioxus  we  found  the 
ovaries  of  the  female  and  the  testes  of  the  male  consisting 
of  twenty  to  thirty  elliptic  or  roundly  four-cornered  simple 
8ac»,  of  small  siiie,  attached  to  the  inside  of  the  gill-cavity 
on  each  side  of  tlie  intestine.     (Cf  vol.  i.  p.  425.) 

Only  a  single  pair  of  germ-ylands,  lying  fai-  down  in  the 
floor  of  the  body-cavity  (Fig.  31G,  g),  exist  in  all  Skulled 
Animals  {Craniota).  The  first  traces  of  these  appear  in  the 
ccelom-epitheliuin.  Probably,  in  this  case  also,  the  male 
sperro-celb  originate  from  the  akin-layer,  tlie  female  egg- 
cells,  on  the  contrary,  from  the  intestinal  layer.  The  earliest 
traces  are  visible  in  the  embryo  at  the  point  wheru  the 
Bkin-fibr0(i8  layer  and  the  intestinal-fibi-oiis  layer  meet  in 
the  middle  plate  (mesentery-plate)  (Fig.  318,  mp,  p.  40a). 
At  this  vtiry  Importaot  point  in  the  ccelom-woll,  where  the 
endoccslar  (or  visceral  cttlom -epithelium)  merges  into  the 
exoccBiar  {or  parietal  cce  lorn -epithelium),  in  the  embryo  of 
lion  and  the  other  Skulled  Animals  a  small  aggregation  of 
cells  becomes  visible,  at  a  very  early  period,  and  tliis,  accord- 
ing to  Waldeyer,'**  we  may  coll  tlio  "  germ-epithelium,"  01 
(corresponding  with  tlie  other  plate-shaped  riidimonto  ol 
oi-gans)the8exuaipiate(Fig.316,fl;  Plate IV. Fig. o,i}.  The 
cells  uf  this  gonn-plate, or  sexual  plate  (iunw/ia  aticiutlis)  aie 
essentially  diatiuguisiiod  by  tliulr  cylindrical  form  and  by 
Iheir  chemical  constitution  from  the  other  cells  of  the 
ceelomj  they  arc  of  quite  diHerent  significance  from  tlie  tlal 
cells   of   the  "  aeroua    cujlom-epithelium "  which   line   Uie 
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r^mainrler  of  l)»c  bmly-cavity  (eidomc).  Of  thiwt-  InUt-i^ 
tJiij  truw  c(i;!oni-ci'lls — those  which  invfnt  the  int««tiia 
tiil>e  anil  the  mesentery  ■["  endocafar")  origiuatw  from  t 


Fig.  816 — TniuTpme  spatioti  thrnngh  the  p«lric  rrtnoD  ami  Dwl^l 
liinba  of  an  <Mnbr]'o  Chick  in  tbe  funith  day  o(  inaulwlinn.  HiiluiynJ  nU 
40  timei ;  h,  tiom-plsti- ;  w,  metttilliirj'  lube;  it.  CHIuU  (it  lht>  Rinlalb 
tube  I  H,  primitiTe  kidnufn ;  c,  nutiiuhunl ;  r,  hind  limba  ;  b.  ijlatiluiii  an 
in  rentntl  wall i  t,  aorM ;  v,  mnlin*!  veins i  a.  intcatiac:  tU  iniHiio 
glandular  lu;cr;  /,  mtesllaal-flbrouB  hijer;  p.  gonn-tpiilidiuui  i  r.ilu' 
nioBolen;  f,  budy-mviijr,  or  Cwlom.    (Aft«r  Waldeyer.) 

intestinal-fibrous  layer  (in  Fig.  S,  Plate  IV.,  colourwl 
those  which  line  the  inner  surfa«t-  of  (Jie  external  watt 
the  abdomen  ("  exocijelar  ")  are,  on  the  nontrarj*.  tlie  furxlu 
of  the  akin-fibrous  layer  (coloured  blue  in  Fig.  S,  Plate  IV. 
but  the  sexual  cells  which  make  tlieir  appearance  st  tl 
twundary  line  between  the  two  forms  of  wplom-cens,  at 
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which  insert  themselvea,  to  a  certain  extent,  between  the 
endocoelax  and  the  exoctelar,  there  forming  the  germ- 
pliite,  cannot  be  referred  either  to  the  intt-st in al- fibrous 
layer  01  to  the  skin-fibrous  layer,  but  directly  to  the  two 
primary  germ -lay  e  ra ;  for  there  are  important  grounds  for 
supposing  tliat  even  the  first  rudiment  <il  the  sexual  plate  is, 
probably,  hermaphroditic,  and  that  this  "  scxnal  epithelium" 
(visible,  in  Man  and  all  other  Vertebrates,  between  the  eso- 
ccelar  and  the  endoecelar)  represents  a  primfeval  aud  Bim]*le 
hermaphrodite  gland.  (Cf,  vol  L  p.  256,  Figs.  52-56,  e.  h.) 
The  inner  half  of  tliis,  in  cont-act  with  tlie  intcstinal-fibroua 
.ayer,  which  is  derived  from  the  intestinal -glandular  layer, 
woald  be  the  rudiment  of  the  ovary;  ita  outer  half,  in 
contact  with  the  skin-fibrous  layer,  which  originates  from 
tlie  in  teat  inal -glandular  layer,  would  be  the  rudiment  of  the 
test4?fl.     This  is,  of  course,  only  conjectural. 

We  ought,  accordingly,  to  distinguish  two  diSereiit 
oexual  plates  or  germ-epithelia ;  the  female  sexual  pial^^',  a 
product  of  the  inteKlinal  layer,  which  gives  rise  to  the 
ovary-cpittielium — the  mother  cells  of  the  ova  ("ovary- 
plate");  and  the  male  sexual  plate,  lying  externally  over  tlie 
former,  and  which  is  a  product  of  the  Bkin-layer,  from  which 
originates  the  testcs-epithelium — the  mother  cells  of  the 
iperm-thrcads  ("  testes-plate ") ;  but  even  the  first  recog- 
nizable ru<limcnt3  of  the  two  sexual  plates  ajipear,  indeed, 
so  intimately  associated  in  the  human  embryo  and  in  tlione 
of  tho  higher  Vertebrates,  that  hitherto  they  have  been  re- 
garded aa  a  single,  unditferentiated,  common  rudiment  of  an 
orgKn  ;  and  it  is  still  pussille  that  the  two  kinds  of  sexual 
glands  arise  by  xecondiiry  differentiation  frou)  a  cumiuon 
rndiiucnt. 
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Though  we  must  recognize  the  formation  of  the  tw 
kinds  of  sexual  cells,  and  in  their  unioa  at  fertilization  a 
tbo  one  essential  act  of  sexual  reproduction,  yet,  in  the  great 
majority  of  animals,  other  organs  exist  which  also  taks 
part  in  the  act  of  fertilization.  The  most  imjKirtant  of 
these  Bocimdary  sexual  organs  are  the  eitit-ducta  whtcb 
serve  to  conduct  the  mature  sexual  cells  out  of  the  holy, 
and,  next  to  these,  the  copulative  organs,  which  transmit 
the  feitiliang  sperm  from  the  male  person  to  the  femala^ 
in  which  the  eggs  are  situated.  These  latter  organs  exist 
only  in  the  higher  animals  of  various  tribes,  and  are  far  lea 
widely  distributed  than  the  exit-ducts.  Even  these  latter^ 
however,  are  only  of  secondary  formation,  atid  are  wanting 
in  many  animals  of  the  lower  groups.  Id  these,  aa  a  nil^ 
the  mature  sexual  cells  are  simply  ejected  from  the  body. 
Id  some  cases  they  pass  out  directly  through  the  onUi 
skin-coveiing  (as  iu  the  Hydra  and  many  of  the  Hy* 
dniidea) ;  in  other  cases,  tlicy  eutcr  the  stomach-cavity, 
and  are  ejected  through  the  mouth-opening  (in  Gastnead^ 
SpoDgcs,  and  other  Hydroid  Polypes  and  Coral  Anunal8)|! 
in  yet  other  cases,  they  enter  the  body- cavity  aiU 
pass  out  through  a  special  aperture  in  the  ventral  wal 
(jtoraa  ijenitalis).  The  latter  is  the  case  in  many  Worn 
and  evcD  in  a  few  lower  Vertebrates  (Cyclostoma  and 
a  few  Fishes).  These  indicate  the  enrliu'St  condition  < 
khis  matter  as  it  was  in  our  ancestors.  On  tlie  otbcj 
hand,  in  all  higher,  and  most  lower  Vertebrates  (aa 
in  most  higher  Invertel)rates)  special  tube-shaped  exit 
ducts  from  the  sexual  cells,  or  sexual  ducts  (gonaplumi 
are  present  in  both  sexes.  In  the  female  these  convey  I 
et^'Cells  out  from  the  ovaries,  and  hence  tliuy  have  bt 
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tailed  egg-diicta  {ovidactut,  or  tuba  fallopias).  In  the 
miUe  sex  these  tubes  convey  the  sperm-cells  from  the  testes, 
Knd  hence  they  are  ctilled  sperm-ducts  (epei-madutiiia,  or 
ttisd  defererUia). 

The  uriginnj,  genetic  condition  of  these  two  outlets 
exactly  the  same  in  Man  as  in  all  higher  Vertebrates, 
while  in  most  Invertebrates  it  is  entii-ely  different;  for 
while  in  the  latter  tlie  sexual  ducts  develop  directly  from 
the  sexual  glands,  or  from  the  external  skin,  or  from  the  in- 
testinal canal,  in  Vertebrates  an  organ-system  is  employed 
for  the  conveyance  of  the  sexual  products ;  one  which  origin- 
ally bad  a  very  diflcrent  significance  and  function — the 
kidney  system,  or  uiinary  organs.  The  original,  primary  func- 
tion of  these  organs  is  simply  to  eliminate  useless  matter 
from  the  body  in  a  liquid  form.  The  liquid  product  of  tlus 
secretion  is  called  the  urine,  and  is  discharged  either  directly 
through  the  external  skin,  or  tlirough  the  last  section  of  the 
intestine.  The  tuhe-shaped  "  urinary  ducts  "  only  second- 
rily  absorb  the  sexual  products  also  and  convey  them  out ; 
they  thus  become  "  urogenital  ducta  "  {ductus  uroffenitaUs). 
Tliis  remarkable  secondary  combination  of  the  urinary  and 
tlie  sexual  organs  into  a  common  "  urogenital  apparatus,"  or 
urogenital  system,"  is  highly  characteristic  of  the  higher 
Vertebratoa  In  the  lowest  of  these  it  is,  however,  wanting, 
while,  on  the  other  hand,  it  is  found  in  the  higher  Ringed 
Worms  (^An-ndi(ia).  I'o  estimate  this  rightly,  we  must  fii-at 
iglance  at  the  compaiative  economy  of  the  urinary  oiigans 
as  a  whola 

The  kidney  system  or  urinary  system  (»y$iana  uro- 
foeUoum)  Is  one  of  the  earliest  and  most  important  oi^gan- 
Vystemit  in  the  diffcrentiatod  animal  body,  sa  has  already 
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Bd.  (Ct  Chapter  XVII.)  ll  it 
t  vmvviskllj'  diatributcii,  not  only  in  tlie  bij>I>ur 
I  in  the  mare  primitire  Worm  tribs, 
AmcBg  tbe  ktier  it  even  occurs  in  tlw  lowest  and  maet 
impofect  knonni  Worms — t&o  FUt  Wonos  [PlalkdviiiUhal) 
rng.  1S4.  wr.  [L  60).  AJtboaglt  tb«ee  MXE^omatoas  Wonu 
hsTe  no  bodv-cftvity.  do  blood,  no  Tascular  s^-stem,  tbey 
■Ivays  \ixxt  &  kidney  system.  It  consista  of  a  pair  \4 
sin^fl  or  of  Inuidied  canals,  lined  by  a  layer  of  cella^  wbick 
alBotb  useless  joJces  &oin  tbe  tissues  and  discbarge  tbrn 
tkmi|^  an  external  skin-opening  (Tig.  1S4,  nm).  Not 
ooty  tbe  free-living  Glidii^  Wonns  {TuiheUaTia),  but  a.hi 
the  parasitic  Scickin^  Worms  {Trrmatoda),  and  even  llio 
still  uMwe  degraded  Tape  Wonaa,  wliieh,  in  conswjotiwe 
of  tbeir  parasitie  habit  <A  life,  hare  lost  tbeir  iiitt»Ui)a) 
canal,  are  all  provided  with  these  "kidney  canals  "or  primi- 
tire  kidneys.  Usually  these  canals  in  tbe  Worms  arc  caQfd 
excretory  wgans,  and  in  former  times  tbey  used  to  be  called 
water-veesela.  Piiylogenetically  they  must  be  regarded  aa 
highly -developed  poudi-like  skin-glands  resembling  tbe 
siweat-glands  of  Mammals,  and,  like  these,  developed  &«a 
the  skin-sensoiy  layer.  (Ct  Fig.  210, 7»,  pL  198.  and  Fig.  21^ 
p.  202.) 

^Vhile  in  these  lowest  unsegmcnted  Worms  only  a  sii^b 
pair  of  kidney  docta  is  present,  in  the  biglier  se^ented 
Worms  Uiese  ducts  exist  in  grtater  numbera.  la  Biaae^ 
Worms  {Annelida),  in  which  the  body  is  comp( 
frreat  nuiiiljer  of  sf-gmcnt-i,  or  metamera,  a  j 
primitive  kidneys  (hence  known  as  segmental  < 
canals)  exists  in  each  separate  segment.  In  this  ease^  a 
the  canals  are  very  simple  ttihea,  which,  on  account  of  thfar  j 
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ooilod  or  looped  form,  are  called  "  coUed  canals."  To  the 
urLmary,  external  aperture  in  the  outer  skin,  originally 
alone  present,  a  secondary,  internal  aperture  into  the  body- 
cavity  (ctgloma)  18  now  added.  Thia  opening  is  provided 
with  vibratory  cilia,  and  is  thus  enabled  to  absorb  the 
aecretiotial  Juicos  irom  the  bodj-cavity  and  to  discharge 
them  ivora  the  body.  Now  in  theae  Worms  also  the  sexual 
oeJla,  which  devt-lup  in  the  simplest  form  upon  the  inner 
BuHace  of  tlie  abdominal  wall,  pass,  when  mature,  into  the 
ccnlom,  are  drawn  into  the  internal,  funnel-shaped  ciliated 
openings  of  the  kidney  canals,  and  are  carried  out  of  the 
body  with  the  urine.  Thus  the  urine-forming  "coiled 
Canals,"  or  "primitive  kidneys,"  serve,  in  the  female  Ringed 
Worms,  as  "oviducts,"  and,  in  the  male,  as  "sperm-ducts." 

It  would  of  course  be  most  interesting  to  know  the 
condition,  on  this  point,  of  the  Amphioxus,  which,  standing 
midway  between  Worms  and  Vertebrates,  affords  us  so 
much  valuable  information.  Unfortunately  this  animal, 
for  the  present,  affords  no  solution  of  this  matter.  At 
pre-sent  we  know  notliing  certainly  aa  to  the  relation 
between  the  urinary  and  tlie  sexual  organs  of  the  Amphi- 
OXU&  Some  zoologists  assert  that  tliis  animal  has  no 
kidneys;  others  regard  the  two  long  "side  canals"  aa 
atrophied  primitive  kidney  ducts  (Fig.  152,  S,  vol  i.  p.  42!Jj ; 
yet  others  consider  certain  glandular  epidermis-swellings  on 
the  inner  surface  of  the  gill-cavity  to  be  rudimentary  kidneys. 
Most  probably,  a  great  reversion  has  affected  the  original 
pri mi Uve  kidney  canaS.'i  in  the  Amphioxus,  amounting  [>er- 
haps  to  their  entire  phylogcnetic  loss. 

Very  interesting  inferences  may  be  drawn  from  the 
Vertebrates  of  the  next  stage — the  Monorhiua,  or  Cyclus- 
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toma.  Alliough  both  ordeni  of  this  daaa— ihe  Myxmoida 
as  well  as  the  Petromyzontes — ^possess  developed,  urine- 
aecretiiig  kidneys^  these  organs  do  not  in  this  case  serve  to 
carry  away  the  sexual  cells.  These  cells  pass  directly  from 
the  germ-glands  into  the  codom,  and  are  dischaiged  through 
a  posterior  aperture  in  the  abdomen.  The  condition  of  the 
primitive  kidneys  in  these  is^  however,  very  interesting,  anJ 

throws  light  on  the  complex  kidney 
structure  of  the  higher  Vertebrates. 
In  the  first  place,  in  the  Myxi- 
noides  (Bdellostoma)  we  find  a  long 
tube,  the  primitive  kidney  duct 
(protureter.  Fig.  317,  a),  on  each 
side.  This  opens  internally  into 
the  coelom  through  a  ciliated  funnel- 
shaped  aperture  (as  in  Ringed 
Worms) ;  it  opens  externally  through 
an  opening  in  the  outer  skin.  A 
great  number  of  small  horizontal 
tubes  ("  segmental  canals,"  or  primi- 


Fw.  317.— i4.  Portion  of  kidney  of  Bdcl- 
lostoma:  a,  primitive  kionej  dnct  (protn- 
reter)i  h,  segmental  canals,  or  primitive 
orine  canals  (tuhuli  uriniferi) ;  ^  kidnej- 
vesicles  (capsulm  Mdlphigianai). — B.  Por- 
tion of  the  same,  mnch  enlai^ged  :  c,  kidney- 
vesicle,  with  the  tjlomenUui  ;  d,  approaching 
artery ;«,  retreating  artery.  (After  Johannes 
Muller.) 


tive    urine   tubes)   open  on  its  inner  side.     Each  of  these 
terminates    in  a  Miiul,   vesicular  capsule  (c)   enclosing  a 
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knnt  of  l)loo(l-veesela  (glomerulus,  an  arterial  net.  Fig. 
517,  B,c),  Afferent  arterial  branclies  (vfisa  afferentia)  con- 
vey arterial  blood  into  the  coiled  branches  of  the  "glome- 
rulus" (d),  and  efferent  arterial  branches  (vasa  effcrerUia) 
igatn  carry  it  out  of  the  gloTnerulue  (c). 

In  Piiuiitive  Fishes  (Setackli)  also  there  is  a  longitudi- 
nal aeries  of  segmental  canals,  which  open  outwardly  in 
the  primitive  kidney  ducts.  The  segmental  canals  (a  pair 
in  eacli  metameron  of  the  central  part  of  the  body)  open,  in 
this  case,  freely  into  the  body-cavity,  through  a  ciliated 
funnel  {as  in  Ringed  Worms,  or  Annelida).  A  part  of  this 
organ  forms  a  compact  primitive  kidney,  while  the  rest  is 
employed  in  the  formation  of  the  sexual  organa- 

The  primitive  kidney  in  the  embryo  of  Man  and  in  that 
of  all  other  Skulled  Animals  (Craniota)  is  first  formed  in 
the  same  simple  shape  which  persists  throughout  life  in 
Myxinoides,  and  partly  in  Selachii.  We  found  this  primi- 
tive organ  in  the  human  cmbiyo  at  that  early  period  just 
succeeding  the  separation  in  the  skin-sonsory  layer,  of  the 
medullary  tube  from  the  horn-plate,  and  the  diffijrentiation, 
in  the  skin-fibrous  layer,  of  the  notochord,  the  primitive 
vertebral  plate,  and  the  skin-muscle  plate.  As  the  first 
rudiment  of  the  primordial  kidneys,  a  long  thin,  thread-like 
atring  of  cells,  which  is  soon  hollowed  out  into  a  canal, 
appears  in  this  case,  on  each  side,  immediatfly  below  the 
bom-plato ;  this  extends  in  a  straight  line  from  front  to 
hack,  and  is  plainly  seen  in  the  cross  ncction  of  the  embryo 
(Fig.  318)  in  its  original  position  in  the  space  between  the 
horO'plate  (/t),  the  primitive  vertebi-xe  (uiu),  and  the  skin- 
musole  plate  (hpl).  The  first  origin  of  this  primitive 
kidney  duct  ia  utill  a  matter  of  dispute,  ROine  ontogcnists 


xnn  EvutrTioy  of  mats. 


referring  it  to  the  Ijom-plate,  others  to  the  primitive  vcr» 
tebral  platu.  and  yet  othera  to  the  skin-miucle  pUte.  Pro- 
bably its  earliest  fphylngenetic)  origin  is  to  be  found  in  the 
akin-sensory  layer;    but  it  very  soon  iiait»  it«  eupL-rficial 


Fig.  318.— Tranaverse  scclion  tIir»>iiKli  (ho  nnhrTo  of  a  Clui-k,  i 
second  day  »f  iuculnlloii  i  A,  horn.plali> ;  m.  ui«lnllnt7  tubn  i  iinf ,  pnBitiva 
kidnej'  daci ;  eh,  notocbonl ;  nit:  trntnitiTC  Tcrldbral  cord  j  tifl,  *kn 
SlirooB  Uyi^ri  df,  intestinal -GbrouB  layer;  np,  tneitenlorj -plats,  dt  tniilil 
pUtta  (point  of  atta(<hDient  of  the  turn  Kbrnus  la,ven]  i  «p,  txnty-cavll 
(itnloiiin):  ao,  pnmitlre  oartaj  dd,  iulegtiiial-|;luiu1ul&r  Ujr^r.  (Afli 
KfJlliker.) 

position,  passes  inward,  between  the  primitive  vertvlm 
plates  and  the  sid<-  plates,  and  finally  lies  \i\nm  ttie  inna 
surface  of  the  body -cavity.  (Of.  Figs.  06-09,  it,  vol.  i  p.  S71 
and  Figs.  95-98,  p.  319;  also  Plate  IV.  Figs.  3-tl.  «  )  Whih 
the  primitive  kidney  iluct  is  thus  making  its  way  inwan| 
on  its  inner  and  under  side  a|>pear  a  large  numWr  of  a 
horizontal  tubes  (Fig.  31fl,  o),  exactly  correspontliug  to  tb( 
segmental  canals  of  the  Myxinoides  (Fig.  317,  h).  Like  tfai 
latter,  these  are,  probably,  originally  protuberances  of  Ui 
primitive  kidney  ducts  (Fig.  31G,  u).  At  the  blind,  tnni 
end  of  each  of  the  primitive  urinary  tubes  an  ai-terii 
glumerulua  is  formed,  which  grows  into  this  blind  em 
from  within,  forming  a  "  vascular  coil."  The  gloniemla 
to  a  certain  extent  exi>ands  the  bladder-like  blind  ei 
of  the  small  nrinarv"  tubes.    As  the  primitive  urinary  tob« 
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I  which  Bre,  at  first,  vwy   short,  grow  longer  and  broader, 

each  of  the  two  primitive  kidneys  assumea  the  form  of  a 

I  semi-pitmate  leaf  (Fig.  320),     The  urinary  tubus  (it)  repre-- 


'iii.  :ii''  K  (iriuv  of  emliriiimV  Diig.    Tlif  pos- 

trrior  pordiiii  .1  ii.i'  lJr,|^  nr  ihr-  I'mliryo  ia  seen  friiui  liio  ri'iilnil  aide, 
«ii*enMl  by  ibo  intc«[tiu>l  lajur  of  the  yelk-ane,  which  hu  boon  'tita  nwoy, 
4U>il  tbmirti  hock  in  fniiit  in  onln  tu  nbow  the  firlmltire  kidiiry  iaets  wiib 
w  primiiive  kiilnoy  tiibos  (<■)  :  ft,  prim i tire  TeiiebriD)  r,  durwl  dihIuIIbi 
I  pnwgc  iutc  llie  )w1ria  intoitinnl  cavity.    (After  BiMibiilf,) 

F)(t.  SSO.^PriroitiTB  kiilriny  of  H  liumnn  embryo:  n,  tlio  urinn-tubea  uf 
i« primiliro  kidney;  u,  Wolltliin  duct;  <c',  appvr  etiil  of  the  lAtl«r  (Mi>r> 
^^  tgoi'»  llydiMiil)  I  m,  Mullorlau  duct :  in'.  ii|i|wr  end  uf  the  Intler  i  Fullqiinn 
hydkUd)  )  g,  liuruin)>hru(liio  g\maA.     (Aftor  KubHll.) 


■ent  the  Utuiie  ami  the  primitive  kidney  dnct  (w)  the 
mid-riK  On  the  iimcr  nmr^'in  of  the  primitive  kidney  the 
rudiment   of    the    heiiimphro<litfi    sexual     gland     already 
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appears  as  a  Ijody  of  considerable  size.  The  poflterior  e 
of  the  primitive  kidney  duct  opens  into  the  lower  extremity 
of  the  last  section  of  the  rectum,  so  that  this  organ  become 
a  cloaca.  But  this  opening  of  the  primitive  kidney  dud 
into  the  intestinal  canal  must  be  regarded,  phylogeni-tically, 
ae  a  secondary  condition.  Originally,  as  is  indicated  clearlj 
in  the  Cyclustoma,  they  issued  through  the  external  abdo 
minal  skin,  quite  independently  of  the  intestinal  canal,  thiM 
proving  their  early  pliylogenetic  origin  from  the  horn-plat^ 
as  outer  skin  glands. 

While  in  the  Myxinoides  the  primitive  kidneys  [ 
manently  retain  this  simple  fonn,  as  they  do  partially  id 
Primitive  Fishes  {SelacJiii),  in  all  other  Craniota  it  sp])ean 
only  tempoi-ally  in  the  embryo,  as  the  ontogenetic  rtpi 
ductioD  of  the  primordial  phylogenetic  condition.  In  t 
Skulled  Animals  the  primitive  kidney,  by  vigorous  growtll 
I  increases  in  length,  and  by  the  increase  in  number  and  thi 
coiling  of  the  urinary  tubes,  very  Boon  aasuines  the  form  <i 
a  large  compact  gland,  of  oblong,  oval,  or  spindle-shaped 
form,  which  extends  longitudinally  through  the  greatoE 
part  of  the  body-cavity  {aetoma)  of  the  embryo  (Figs.  1 23,  t 
124,i»,  vol  i.  p.  370).  In  this  case,  it  lies  near  the  middle  lint^ 
direcMy  under  the  primitive  vertebral  column,  and  extend 
from  the  region  of  the  heart  to  the  cloaca.  TKe  right  an 
left  primitive  kidneys  lie  parallel  and  close  together,  bein 
separated  only  by  the  mesentery,  that  narrow,  Uiin  lamell^ 
which  connects  the  central  intestine  with  the  lower  surioca 
of  the  primitive  vertebral  column.  The  excretory  duct  of 
each  primitive  kidney,  the  protureter,  traverses  the  lovvt 
and  outer  side  of  the  gland  in  a  posterior  direction,  anf 
opens  ioU)  the  cloaca,  close  to  the  root  of  tlie  allantoic ;  at' 


WOLFFIAN    BODIES.  4I 1 

a  later  period,  it  cpcDs  mto  the  allnntAjis  itscU'  (Fig.  13G,  o. 
voL  i.  p.  381). 

The  primitive  kitlney  (priinorctial  kidney)  in  the  eralnyo 
of  Amuiota  was  formerly  colled  the  "  Wolffian  body,"  also 
the  "  Okcniao  buiIy."  In  all  ca.'^es  it  acta  for  a  time  as  a 
true  kidney,  draining  and  secreting  the  useless  duids  of  the 
emhryonic  body,  and  discharging  them  into  the  cloaca  and 
then  into  the  allantoia.  The  "  primitive  urine  "  collects  in 
the  latter  organ,  and  hence  the  allantois  in  the  euihryo  of 
man  and  of  the  other  Amnluta  acts  as  a  real  urinary  bladdei'. 
or  "primitive  urinary  sac;"  yot  it  is  in  no  way  geneti- 
cally connected  with  the  primitive  kidneys,  but  is  rather, 
as  we  have  already  seen,  a  pouch-like  protuberance  of  the  an- 
terior wall  of  the  terminal  intestine  (Fig.  135,  it,  vol.  i.  p.  380), 
The  allantois  is,  therefore,  a  pi'oduet  of  the  intestinal  layer, 
while  the  primitive  kidneys  are  a  product  of  tlie  skin- 
layer.  Phylogenctically  we  must  conceive  that  the  allan- 
tois originated  as  a  pouuh -shaped  protuberance  of  the 
cloacal  wall  resulting  from  the  distension  caused  by  the 
colltftJon  in  the  cloaca  of  the  primitive  urine  secreted 
by  the  primordial  kidneys.  It  is,  originally,  a  blind  sac 
belonging  to  the  rectum  (Plate  V.  Fig.  15.  hb).  Tlie  true 
urinuy  bladder  of  Vertebrates,  evidently,  first  appeared  in 
Dipneuata  (in  the  Lepidosiren),  and  was  thence  transmitted, 
fint  to  the  Amphil-ia,  and  then  U)  the  Aniniota.  In  the 
embryo  of  the  latter  it  prutnides  far  out  of  tlm  yt  unclosed 
abdominal  wall.  Many  FiHhea,  indeed,  also  poasosa  a  so- 
called  urinary  bladder.  But  this  is  men'ly  a  local  disten- 
won  in  the  lower  section  of  the  primitive  kidney  ducts, 
and  hence,  both  in  origin  an<]  in  constitution,  is  essentially 
diiitJnct  from  the  true  urinary  bladder.    The  two  structuiva 
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are  only  pliysiologically  comparable;  they  are,  theivfoit^ 
analojjous,  as  having  the  same  function;  morpin'U'gical\yt 
boivever,  they  are  not  to  be  compared,  or  are  not  boin»- 
logoua.^  The  false  urinary  bladder  in  Fishes  is  a  pro- 
duct of  the  primitive  kidney  duct,  therefore  of  the  skin- 
layer;  the  true  urinary  bladder  in  Bipneuata,  Aniphi< 
bia,  and  Amniota  is,  on  the  contrary,  a  blind-sac  of  thfl 
terminal  intestine,  and  hence  a  product  of  the  intestinal 
layer. 

In  all  low  Skulled  Animals  (Craniofa).  without  amnioo 
(in  Cyclostoma,  Fishes,  Dipneiista,  and  Amphibia),  tht 
urinary  organs  remain  in  an  inferior  stage  of  development 
in  ao  far  as  the  primitive  kidneys  (protoTiejihra),  though 
much  modiHed,  here  act  permanently  as  urtne-socreting 
glands.  In  the  three  higher  vertebrate  classes,  included  ta 
the  term  Amnion  Animals,  on  the  contrary,  this  is  the  cas« 
only  for  a  short  period  during  early  embryonic  life.  Tfio 
permanent,  or  secondary  kidneys  (renee,  or  TneUinephra), 
which  are  peculiar  to  tliese  three  classes,  are  very  earljr 
developed.  These  originate,  not  (as  was  long  believed,  Ml 
the  authority  of  Eemak)  an  entirely  new.  indupeudent 
glands  of  the  intestinal  tube,  but  from  the  posterior  section 
of  the  primitive  kidney  duct  (proturetcr).  From  the  Utt«r, 
near  where  it  opens  into  the  cloaca,  a  simple  poach — tht 
secondary  kidney  diict--^row8  out.  and  this  increases  eon* 
siderably  in  length  forwards;  from  the  blind,  upfwr,  or 
anterior  portion  of  this  the  permanent  kidney  originates,: 
precisely  as  the  primitive  kidney  originates  from  the  pri- 
mitive kidney  duct  The  secondary  kidney  duct  gives  rise 
to  a  number  of  small  blind  tubes — the  secondary  urinary 
tubes  —  and    the    blind    cai>sulti-shaped    ends    of    tbes* 
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are  occupied  by  vascular  coils  (j/IoTneruli).  The  furtliei- 
growth  of  these  tubes  results  in  the  compact  secondary 
kidney,  which,  in  Man  and  most  liiylier  Mammals,  acquires 
the  well-known  bean-like  form;  in  the  lower  Mammalia, 
in  Birds  and  inKeptiles,  on  the  other  hand,  it  is  separated 
into  several  lobes.  The  lower,  or  posterior  part  of  the 
pcrmanont  kidney  duct  retains  the  fonn  of  a  simple  canal, 
widens,  and  thus  forms  the  permanent  urine  duct  (ureter). 
At  first  this  canal,  yet  united  with  the  lost  sei::tion  of  the 
primitive  kidney  duct,  discharges  into  the  cloaca;  at  a 
later  period,  it  separates  from  the  primitive  kidney  duct, 
and  yet  later  from  the  rectum,  and  then  it  discharges  into 
the  permanent  urinary  bladder  (vesica  urinaria).  The 
Utter  originates  from  the  posterior,  or  lower  part  of  the 
ttatk  of  the  allantoia  (urack'us),  which  widens  and  becomes 
spindle-shaped  before  opening  into  the  cluaea.  Tlie  anterior, 
or  upper  part  of  the  allantois-stalk,  which  passes  in  the 
ftLnldminal  wall  of  the  embryo  to  the  navel,  afterwards 
disappears,  a  uaeleaa  cord-shaped  remnant  alone  remaining 
M  a  rudimeotaiy  organ :  this  is  the  single  urinary- bladder 
nsvel-oord  (ligaTnenlivin  vesico-umhilicaU  Tnrdtum).  On 
the  right  and  left  of  this,  in  the  adult  Man,  there  ai-e  two 
other  rudimentary  organs:  the  lateral  urinary -bladder  navel- 
cords  {UgiiTtienta  v€»'.co-vmbilical'ia  Uiteralia).  These  are 
tlie  obsolete  coid-like  remnant  of  the  former  navel-arteries 
(artoTMB  umlrilkalea,  vol  I  p.  400;  Fig.  32fi,  a). 

AlUiough  in  Man,  as  in  all  other  Amnion  Animals,  tht> 
primitive  kidneys  are  thus  very  early  displaced  by  the 
Mcoiidary  kidnuys,  and  although  the  hitter  alone  afterwards 
act  as  urinary  organs,  tlie  former  are  not,  however,  altot 
gether  discarded.  Indeed,  the  primitive  kidney  ducta  acquire 
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a  Iiigll  pliyaiological  significance.  &a  tliey  modiry  into  ea 
cretory  ducts  of  the  sexual  glands.  In  all  Atnphirhina  t 
Gnathostomi — tlicTefore  in  all  Vertebrates  from  Fisbes  c 
to  Man — at  a  very  early  period,  a  second  similar  cani 
appears  in  the  euibiyo  at  the  side  of  eacli  primitive  kidnaj 
duct  Tills  canal  is  commonly  called,  after  its  disoovera 
Johannes  MiiUer,  "  Mliller'a  duct "  (dudus  MnUeri),  wbil) 
the  earlier,  primitive  kidney  duct  is  distinguished  aa  tli 
"Wolflian  duct"  {ductus  Wol£li).  The  actual  origin  i 
Miiller's  duct  is  still  undetermined;  Comparative  Anatont] 
and  Ontogeny  seem,  however,  to  indicate  that  it  proceodi 
by  dilFerentiation  from  the  Wolflian  duct  It  is,  prubaUjH 
most  correct  to  say.  that  tlie  original  fprimary)  pnmitivi 
kidney  duct  breaks  up  by  differentiation  (or  fission)  ii 
two  secondary,  similar  ducte;   these  are  the  Wolffian  a 


Fro.  321. — FrimitiTO  kidncjs  and  radlmcott  uf  the  (sxiihI  orgvM. 
B,  of  Amphibia  (Frog  larvm)  j  A,  earlier,  B,  li»t«r  oondition.  C,  of  a 
Dial  (embrjo  of  Ox)  :  u,  prtmitiTe  kidnofi ;  It,  iiexu*!  glnud*  (mdimeaB  4 
M«t«a  Bud  Dvftriea).  The  priumcy  primitiTe  kidne;  dui-t  (»«  in  tig.  J~ 
ie[nntM  (in  B  and  C)  into  the  too  sDcoodarj  pritaiU'e  kiduo;  daeU  i  tl 
Mitllerinn  duel  <■;)  and  llie  Wolffian  dnot  (ug'}-  "bioli  oniU  babind  ialal 
iteniUkl  aord  (n);  I,  giuin-oord  uf  tlie  iirimitira  kidnigra.  (Atlsr  0«gm>bwnj 
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the  MiUleriaa  ducta  The  latter  (Fig.  320,  w)  lies  imme- 
diately inside  the  former  (Fig.  320  m).  Both  open  poa- 
teriorly  into  the  cloaca. 

Obscure  and  uncertain  as 
h  the  origin  of  the  Miillerian 
and  Wolffian  ducts,  their  later 
history  is  clear  and  deSnite, 
In  all  Double-nostrilled  (vIth- 
phtThina)  and  Jaw-mouthed 
{(rnathoslffmi)  animals,  from 
Primitive  Fishoa  up  to  Man, 
the  Wolffian  duct  becomes  the 
seed-duct,  and  the  Miillerian 
duct,  the  oviduct.  In  each 
sex  only  one  of  these  is  per- 

FiM.  a£2, 3:.1.~UriDu;&nd  ■cidoI 
«rgiuiBf)tan  Amphibran  (Water. Kitw t, 
or  TiiUm).  Rg.  823  (/I),  temnle ; 
Fig.  S£3  (B),  nuile:  r,  primitiTe  kii]. 
oeri  mr,  ovarj  j  od,  egp-doot  ■nd 
Rnlhke'i  duct,  both  formed  fTnm  tbe 
MiillBriui  dnot  1  il,  prinutive  ari>i>r7 
duct— ftc ting,  in  msQ,  alao  am  aepd- 
doet  (m) — npaaing  below  into  Wolfffl 
4aot  (u"}  J  m*,  vTOTj-aieaeTiterj  (mu- 
oraHum).     (After  OogeBbaur.) 

BJstent;  the  other  entirely  disappears,  or  leaves  only  a 
remnant  as  a  rudimentary  organ.  In  the  male  bux.  in 
which  the  two  Wolffian  ducta  become  sperm-ducts,  certain 
rudiments  of  the  Mullerian  duct  are  often  found,  which 
we  will  call  "  Ilatliku'a  canals  '  (Fig.  323,  c).  In  the  female 
iex,    where,   on    the   contrary,  the    two   MUlleriaD    duct« 

an 
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t  oriJacis,  tnres  of  th«  WolfEui  dacts  remain,  i 
a  as  'Gartner's  euaU." 


■0 


Fios.  3?4  3tCi. — Urinary  nod  wtq*)  ore>aa  of  an  «inbr7«tiie  Os.  Tig 
SSi.  of  tnaale  embrjo  of  IJ  inch  in  Icn^  :  Fig.  S2o,  at  nuUe  embr^ 
ot  S4  inebei  in  Ipd^  ;  Fi«.  3Se,  af  fcraste  nnbrro  of  £(  iii<.'hea  ia  Icngik 
V,  prtmitire  kidaej  ;  vf.  WolS"*  duet  i  «,  UiUIpt's  iloct  i  »',  opper  end  « 
he  lalter  (opeaed  nt  0>  *•  lower  tbidconed  end  uf  lbs  Bune  (mduDn 
ot  ntenu)  g  p,  genital  oord  i  h,  testes  (h',  Iowct.  It",  upper  t«*tb-oca!) 
Oi  or^rjf  </,  Lower  oTarj'<xird ;  i,  gntD-^crd  of  lbs  primitive  kidXMf; 
£,  disphiagm-cord  of  tha  prinitiTS  kjdnej';  *,  pormuipnt  kidcaja  (I 
these  tho  8-ahsped  nrlne-dact :  brttreea  tbe  two  tha  iBotom}] 
bUddo'  i  n,  ii>Tel-krtet7.    (A.f lor  KOUikcr.) 

The  most  interesting  facta  in  rcferenca  to  this  remark' 
able  derelopment  of  the  primitive  kidney  ducts  and  tli<;il 
union  with  the  sexual  glands  are  exhibited  in  Ampbibil 
fFiga.  321-323).  The  first  rudiment  of  the  primitive  kidnaj 
ducts  and  their  differentiation  into    the   Miillerian 


DEVELOPMENT  OF  THE   nUMAN   KIDNEY. 


417 


WulEGan  ducts  is  identical  in  both  bgxos,  as  is  tlie  case  in 
the  embryos  of  Mammals  (Fig.  321,  C,  Fig.  324).  In  the 
female  Amphibia  the  Miillerian  duct  on  each  side  develops 
into  a  large  ovary  (Fig.  322,  od),  while  the  Wolffian  duct  acts 
permanently  as  a  urinaiy  duct  (it).  In  tlie  male,  on  the 
contrary,  the  Mdllerian  duct  persists  only  as  a  rudinicctary 
urgao,  without  functional  significance,  as  Ratlike's  cana) 
(Fig,  323,  c)  ;  the  Wolffian  duct  serves,  in  this  case  also,  as  a 
arinaiy  duct,  but  also  as  a  sperm  or  seed  duct,  the  seminal 
tubes  (vc)  from  the  testes  (i)  entering  the  upper  part  of  the 
primitive  kidneys,  and  there  uniting  with  the  urinary  canals, 
[n  Mammals  these  conditions,  persistent  in  Amphibia,  are 
rapidly  traversed  by  the  embryo  in  an  early  period  of  its 
development  (Fig.  S2I,  C).  The  primitive  kidneys,  which 
in  non-amnionate  Vertebrates  pei-sist  throughout  life  as  the 
urine-secretory  organ,  are  superseded  by  the  secondary 
kidneys.  The  actual  primitive  kidneys  disappear  almost 
entirely  in  the  embryo  at  an  early  period,  leaving  but  small 
iracea.  In  the  male  Mammal  the  supplementaiy  testis 
(epiduhjmis)  develops  from  the  upper  part  of  the  primitive 
Itidncy  ;  in  the  female  the  same  part  gives  rise  to  a  useless 
Tudinientary  oigan.  the  supplementary  ovary  (parovarium) 
In  the  female  Mammal  the  Miillerian  ducts  undergo  very 
conndcrable  changes.  The  actual  ovaries  develop  only  from 
its  upper  pai-t;  the  lower  part  widens  out  into  a  spindle- 
fihaped  pouch,  with  a  thick,  fleshy  wall,  within  which  the 
'fertilized  egg  develops  into  the  embryo.  This  pouch  is  the 
ivomb  (uteru.8).  At  first  the  two  uti?ri  are  perfectly 
ipftr&te,  and  open  on  each  side  of  the  urine-bladder  (vu) 
into  the  cloaca,  as  is  yet  permanently  the  case  in  the 
lowest  living  Mammals,  tlie  Beaked  Animals  {(}rnU}w«toma) ; 
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but  even  in  Pouched  Animak  (ifarsitjiitilia) 
fonoa   between  the  two  MuUerian  ducts,  and  in  PUcenI 
Animals  they  coalescv  below  with  the  i-udiiuetitary  WultfiULi 
duetto,  fui'Diiug  with  tlitiiu  a  ah 
"sexual    curd"   (/iLiiicuJiui 
hifijt).     But  the  original  inde] 
dence    of   the    two    parta    of 
uterus,  and  of   the    two    v: 
canals  wliich  proceed  out  of 
lower  extremities,  peraiiita  in  n» 
lower  Placental  Animals,  while  in 
the  higher  memliers  of  tlie  e&taa 
group,    these     organs     grsduall/ 
coalesce  to  fonn  one  single  orgaiL 
Pic.  ai*7.- Fcioiilc   Beiual  The    process    of    coalescence  ad- 
orgiuiB  of  D   Be&kiHi   AoiinBi  vRDCcs   steadily   from    below  (ur 
1M6):  0,  Imfwx-.  t,  ovidnci;  '^^    behind)    iipw&rda    (or   fot- 
II,  uterus  i  »tij,  xuinary  •cxu«l  wards).    While  In  many  Qnairing 
«»itj{«n«.u«.#M..dii.)i  tho  XmaialsiRoda<lia.fx,.,Baxnaai 

two  parts  of  tlie  uleruB  uptm  ^  ^  • 

into  this   at  u':   ti,  chiacft.   Sijuirrcls)  two  Separate  utefi  opto 
<.«tcr  Gcgcubaur.)  \,^io  the  vagiuft  tainal  which  h«i 

already  Ijccome  simple,  in  other  Gnawing  Animals,  as  r1» 
in  Beasts  of  Prey,  Whales,  and  Hoofed  Animala  {Untfulitta), 
the  lower  halves  of  the  two  uteri  are  already  coaltMwcot, 
their  up|ter  halves  (tlie  so-called  horns,  "comua")  remainiiig 
distinct  {;•  uterus  bicoiiiis").  In  Bats  and  Semi-ajKis  thtM 
upper  hums  are  very  short,  while  the  unified  lower  p«* 
becomes  longer.  Finally,  in  Apes,  as  in  Man,  the  coheaioA  - 
of  the  two  {larts  is  complete,  one  simple  ]>eBr-shaj)ed  iii 
pmich  alone  remaining,  and  into  this  the  oviducts  open 
each  side. 


uteroM 
pfn« 
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In  the  male  Mammal  also,  a  similar  coalescence  of  tlie 
lower  portion  of  the  Miilleriaii  and  Wolffian  ducts  takes 
place.  In  thia  ca^e  also,  these  ducts  form  a  single  "sexual 
cord"  (Fig.  325,  j),  which  likewise  opens  into  the  original 
urinary  sexual  cavity  {sinus  urogenitalis),  which  develops 
from  the  lower  part  of  the  urinary  hladder  (w)  While, 
however,  in  the  male  Mammal  the  WoKHan  ducta  develop 
into  the  permanent  sperm-ducts,  only  very  slight  tracea  of 
the  Mullerian  ducts  remain  as  rudimentary  organs.  The 
moat  remarkable  of  these  is  the  "male  uterus"  (uterua 
masuulijius),  which  originates  from  the  lowest,  coalescent 
portion  of  the  MUllerian  ducts,  and  which  is  homologous 
with  the  female  uterus.  It  forms  a  small  flask-shaped 
vesicle,  entirely  without  physiological  significance,  which 
opctu  into  tlie  urinary  tubes  between  the  two  spermniucta 
and  the  prostatic  lobes  (vesicu/o  pjvstutioa). 

The  internal  sexual  organs  in  Mammals  undergo  very 
peculiar  mudificatious  in  point  of  position.  At  first  the 
germ-glanda,  in  both  sexes,  lie  deep  down  in  the  ventral 
cavity,  on  the  inner  side  of  the  pritDitivo  kidneys  (Figs. 
320,  g,  321,  k),  attached  to  the  vertebml  column  by  a  short 
inesentciy  (in  the  male,  the  mesordiium ;  in  the  female, 
Vteeovarium).  It  is  only,  however,  in  Monotremes  that  this 
original  position  of  the  germ-glands  is  (as  in  lower  Verte- 
tobrattis)  permanent.  In  all  other  Mammals  (Marsupials  as 
well  as  Placcntals)  these  glamls  quit  their  place  of  origin 
snd  make  their  way  more  or  less  downward  (or  towards  the 
posterior  extremity),  following  the  course  of  a  cord  whieh 
extends  from  the  primitive  kidney  to  tlie  groin  region  of 
tlie  abdominal  wall.  This  is  the  groin-cord  of  the  primitive 
kidney;  in  the  male,  the  "Huntcrian  guiding-cord"  (guber- 
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larfw)  (Tig.  328,  M,ffh):  in  Uie  fenule.  Uie  round 
I'^aienB-eDnl  (Fig.  32S,  F.r).      In   die   Utter   the    ovRrii'i> 
ta^nUe  dwk  or  Isfs  tn  Uie  direction  of  the  small  jielvis,  or 


Fig.  328,  It. 


/r^ 


Fia.  328,  f. 


Fic.  3SS. — (Mgiiol  pouUm  of  the  bcidbI  gUnds  in  tlw  nliikimiiul  n 
«r  the  bOBBB  mbryo  <of  time  moatlu).    Fig.  3XS,  J(,  uulo  (nKlontl  Kt^A 
K  fmtim  t  fK  tliB  oondDotin^-oord  of  tbe  teolu  ;  »;.  hikIhIucI  t 

iler;  »k,  lower  ImUdw  t«ii  (rnut  n»v)i    nn.  ■a^li-cioDtiU'*  kiilnvfid 
I  N.  kidoejK.     Tig.  3SS  F,  fenwle  (■oioewlut  enlargnl) ;  r.  nmiui  u 
(beloir  ihu   the   urine-bladder,  Kbore   it   tliB  Dvaiy)  <   r",  Vidcc^  i 
pleneotary    kidney ;   i,  blinA-iuttttiiie  (ivrHn)  i    n,  »iiibU     oA  i  oa^ 
Bet  (between  ilie  two  a  Uie  aunaacli)  -.  I,  spIwD.    (AfWr  EOQikvr.) 

even  enter  this.  In  the  male  tlte  testis  quits  tlie  abtlorain 
cavity  altt^etbor,  [la^ing  thrutigli  the  gntin -canal, 
enters  a  sac-nbaped,  distended  fuld  of  the  external  ttkii 
covering.  Tho  coalescence  of  the  riglit  and  left,  foli 
{"  sexual  folds  ")  gives  rise  to  the  t^stis-sac  (sn-otum). 
various  Mammals  exhibit  the  various  stages  of  this  inigi 
tion.  In  the  ElephaDt  and  in  Whales  the  testes  < 
ver}-  little,  and  lie  below  the  kidneys.  In  uiaiiy  Gnawii^ 
Animals  [Rtxlentia)  and  Beasts  of  Prey  [Carwtri")  thi 
enter  the  groin-canal.  In  most  higher  Kammalx  they  \m 
down  through  this  into  the  testis-sac ;  tisually  the  walU  g 
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the  groin-canal  coalesce.  When,  however,  this  remains 
open,  the  teatca  arc  able  to  descend  periodically  (in  the  rutting 
seaaon)  into  the  testis-soc,  returning  again  into  the  abdo- 
minal cavity  {e.g.,  in  Pouched  Animala  or  Ma7-aupiaUa, 
Gnawing  Animals,  Bats,  etc,). 

Another  peculiarity  of  Mammals  ifl  the  formation  of  the 
external  sexual  organs  which,  as  copulative  organs,  serve 
to  carry  the  fertilizing  sperm  from  the  male  into  the 
female  organism  in  the  act  of  copulation.  Organs  of  this 
sort  are  altogether  wanting  in  most  lower  Vertebrates.  In 
those  which  are  aquatic  {e.g.,  Acrania,  Cyclostoma,  and  most 
Fishes)  the  eggs  and  sperm  are  simply  discharged  into  the 
water,  and  their  coming  together  is  the  result  of  some  lucky 
accident  which  in  this  way  brings  about  impregnation.  On 
the  other  hand,  in  many  Fishes  and  Amphibia  which  bring 
foith  their  young  alive,  there  is  a  direct  transfer  of  the 
nperm  &om  the  male  to  the  female  organism ;  and  this  is 
the  case  in  all  Amniota  (Reptiles,  Birds,  and  Mammals).  In 
these  animals  Uie  urinary  and  genital  organs  always  open 
originally  into  the  lower  part  of  the  rectum,  which  thus 
forms  a  "  cloaca  "  (p,  345) ;  but  among  Mammals  the  cloaca 
k  permanent  only  in  the  Beaked  Animals  (Omilhos/oma), 
which  have,  on  this  account,  been  called  Cloacal  Animals 
{Monotrema,  Fig.  327,  d).  In  ail  other  Mammals  a  lateral 
ipartition  wall  develops  in  the  cloaca  (in  the  human  embryo 
About  the  middle  of  the  third  month),  by  which  the  latter 
separated  into  two  cavities  The  urinary  sexual  canal 
passes  into  the  anterior  cavity  (sinus  urogcniialis),  and  it 
js  through  this  cavity  alone  tliat  the  urinary  and  sexual 
iroductA  are  discharged,  while  the  "anal  cavity,"  which  lies 
lohind  it,  serves  merely  to  eject  tlie  excrement  through  the 
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anua.     Even  befoi-e  tlie  appeamtice  of  this  partition, 
Pouched  Animata  {MarsupiaHa)  and  Placental  Animals,  i 
conical  papilla — the  sexual  protuberance  (pliallus.  Fig.  H 
A,  e,  B,  e) — rises  on  tho  anterior  part  of  the  circumference  o 


Tin.  329,— Gxtonml  iiexnal  orgaos  of  tfae  kanun  embtyci ;  A,  iwainU 
germ  (in  tha  eighth  week  i  twice  the  imtliral  alie ;  if  ith  cloam)  i  B.  nmlnil 
germ  (in  the  Diotli  ireekj  twioe  the  natarkl  liie;  Unu  distinot  fnon  th* 
urogenital  opeaing) ;  C,  temale  germ  in  the  eloTenlh  week ;  D,  B»te  grra 
in  the  foiirle«DUi  weoki  «,  gexual  protnberanoe  {pkatttu'):  /,  Mxonl  tnrrimi 
hi,  Kinal  folds  i  r.  Raphe  (point  of  iln'tim  ot  tJie  peiiia  atmI  Manllnn^ 
a,  KDtu;  ug,  nrianry  Beiual  apeniog)  ti,  naTrl-cord  ;  it,  l»il.  (Aftor  KtktT.i 
Cr.  Table  XUV„  p.  131. 


the  cloaca-o|icning.    The  apeji  of  this  is  swollen  into  a  knol 
(the  "acorn,"  glnns).     On  the  under  aide  appears  a  furroWl 
(«u/<MM  genitalis,  /),  and  on  each  side  of  the  latU-r  »  skin- 
fold, or  sexual  fold  (til).     The  phallus  is  especially  thi; 
of  the  "  sexual  sense,"  and  over  it  are  distributfil  tli«  s 
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(nervi  pudendi)  whk-h  are  especially  concerned  in 
producing  the  aexual  sensations  (p.  23S).  In  the  male  the 
phallus  develops  into  the  masculine  "penis  "  (Fig.  329.  D,  e) ; 
in  the  female  it  becomes  the  much  smaller  "clUoria"  {Fig. 
329,  C,  e)  ;  only  in  some  Apes  {Ateles)  does  this  become  un- 
u molly  large.  Tho  "fore-skin"  {%meputiv/fii),  in  both 
8<^es,  also  develops  as  a  skin-fold  from  the  anterior  part  of 
the  circumference  of  the  plialius.  In  tlie  male  sexual  furrow 
the  lower  side  of  the  phallus  receives  the  urogenital 
canal,  and,  as  a  continuation  of  the  latter,  modiGcs,  by  the 
coalescence  of  its  two  parallel  edges,  into  a  closed  canal — 
the  male  nrinary  tube  {urethra).  In  the  female  this  occurs 
only  in  a  few  instances  (in  some  Semi -apes,  Gnawing  Animals 
or  Rodentia.BXiA  Moles);  as  a  rule  the  sexual  funow  remains 
open  and  its  edges  are  developed  into  the  lahia  minora. 
The  labia  majora  of  the  female  develops  from  the  two 
parallel  skin-folds  which  appear  on  each  side  of  the  sexual 
furrow.  In  the  male  these  last  folds  coalesce,  forming  a 
closed  sac,  the  testis-sao  (scrotum).  Occasionally  this 
coalescence  does  not  take  place,  and  the  sexual  furrow  also 
sometimes  remains  open  {hypospadia).  In  these  cases  the 
external  male  genitalia  resemble  the  female,  and  this  phe- 
nomenon has  often  been  mistaken  for  hennaphrodil!>im 
(pse  odo-heniiaphi-oditism}."' 

From  this  and  other  cases  of  false  "hermaphroditism." 
the  much  less  frequent  coses  of  "true  hermaphroditism"  are 
vei-y  distinct  This  exists  only  when  the  essential  organs  of 
reproduction,  both  kinds  of  germ-glands,  are  united  in  one 
individual.  Either  an  ovary  is  then  developed  on  the  right, 
and  a  testis  on  the  left  (or  vice  versa) ;  or  testes  and  ovaries 
are    developed    on   both   sidles,   one  more,   tho   other   lo<w 
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perfectly.  As  we  liave  already  seen  that  tli©  origin 
mdicaent  of  the  sexual  organs  is  really  hermaphroditic  I 
all  Yertebratea,  and  that  the  separation  of  the  sexes  is  ooJ 
due  to  a  one-aided  development  of  thia  hermaphroditj 
rudiment,  these  remarkable  cases  offer  no  theoretic  difl 
culties.  They  very  seldom,  however,  occur  id  Man  and  t 
higher  Vertebrates.  On  the  other  hand,  we  find  origim 
hermaphroditism  constant  in  some  lower  Vertebrates,  i 
some  Fishes  of  the  Perch  kind  (Serravus).  and  in  i 
Amphibia  {Bomhinator  and  in  Toads).  In  these  cases,  t] 
male  has  usually  a  rudimentary  ovary  at  the  upper  e 
tremity  of  tbo  testis ;  on  the  other  hand,  the  female  b 
sometimes  a  rudimentary  testis,  without  function.  Tl 
also  occurs  occasionally  in  Carp  and  some  otlier  Fisha 
We  have  already  seen  how  the  original  hennaphrodltii 
JB  maintained  in  the  excretory  ducts,  in  Amphibia. 

In  the  germ-history  of  the  human  urinaiy  and  acxta 
organs,  the  outlines  of  tlie  history  of  human  descent  hafi 
been  faithfully  maintained  up  to  the  present  time.  We 
trace  their  development  in  the  human  embryo  atop  by  s 
in  the  same  gradations  as  are  exhibited,  one  after  another 
in  the  comparison  of  the  urogenitals  in  Acrania,  Cyclostoml 
Fishes,  Amphibians,  and  then  further,  in  tho  s«ncs  i 
Mammals,  in  Cloacal  Animals  {Monotrema),  Poachel 
Animals  (Starsupialia),  and  the  various  Placental  Anitnali 
(Cf.  Table  XLIII.)  All  the  structural  peculiarities  of  tj 
ui'ogenitals,  distinguishing  Mammals  from  other  Vo 
bratea,  are  also  present  in  Man;  and  in  all  special  t' 
teristics  the  latter  resembles  the  Apes,  and  especially  ti* 
Anthropoid  Apes.  As  eWdence  that  the  special  pccuUariliei 
of  Mammals  have  been  transmitted  to  Man,  1  will  finallj 


FORMATION   OF  THE   EOCa.  4*5 

briefly  notice  the  similar  manner  in  which  the  eggs  are 
formed  in  the  ovary.  In  all  Mamuiala,  the  mature  eggs  are 
contained  in  peculiar  veBicles,  which,  after  their  discoverer, 
Ilegner  De  Graaf  (1G77),  are  called  the  Graafian  follicles. 
I'liese  were  formerly  regarded  as  the  actual  eggs,  which 
were,  however,  discovered  by  Eaer  tvilhin  the  Graafian 
follicles  (voL  i.  p.  65).  Each  follicle  (Fig  330, 0)  consists  of  a 
round,  fibrous  capsule,  which  contains  fluid  and  is  coated  by 
several  layers  of  cells.  At  one  point  this  cellular  layer  has 
a  knob-like  enlargement  (C,  b),  and,  there,  surrounds  the 
real  egg  (C,  a).  The  mammalian  ovary  is,  originally,  a  very 
simple  oblong  little  body  (Fig.  320,  g),  formed  only  of 
connective  tissue  and  hlood-vesscla,  and  surrounded  by  a 
cell-layer  (the  epithelium  of  the  ovary,  or  the  female  germ- 
epithelium).  From  this  epithelium,  cords  of  cells  grow 
inward,  into  the  connective  tissue  or  ** stroma"  of  the 
ovary  (Fig.  330,  A,  I).  Single  cells  of  theae  cords  increase 
in  size  and  become  egg-cells  (primitive  eggs.  A,  c);  but  the 
greater  number  of  the  cells  remain  smalt  and  form  an 
enveloping  and  nutritive  cellular  layer  (the  foUide-cpi - 
(helium)  round  each  egg. 

In  Mammals  the  follicle-epithelium  is  at  first  one- 
layered  (Fig  330.  B.  1),  afterwards  many -layered  (B.  2).  In 
all  other  Vertebrates,  the  egg-cell  is,  indeed,  enclosed  in  a 
permanent  covering  of  small  cells,  an  egg-follicle ;  but  only 
in  Uammals  does  fluid  accumulate  lu'tween  the  growing 
follicle-cells,  and  thus  extends  the  follicle  into  a  round 
bladder  of  considerable  size,  on  the  inner  wall  of  which 
tlie  egg  lies  excentricalty.  In  this  point,  as  in  his  whole 
Morphology,  Uan  unmistakably  indicateB  his  descent  from 
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Tia.  S30.— Darcloprofnttrf  hamnn  ovalot  witliio  the  fomnle  o-nry. — A. 
Vertical  sectiua  through  the  ovary  of  a  uow.bom  fomaJe:  a,  epithelium  at 
the  o*mi7 1  b,  mdiment  of  bd  eRSf-cord  j  e,  yonng  egga  in  the  epitboliom  ; 
d,  longer  cgg-oord  with  tliB  fulliuloa ;  «,  gronp  of  juung  folIioloB ;  /,  single 
young  follioloj  g,  blood- vesaeU  in  the  coonective  tiaaue  (siToiiia)  cf  tha 
BTMIJ.  la  the  corils  the  junng  prlmitiTB  eg^  oan  be  diEtingaiBhed  fraia 
the  iQrTOiuidJDg  cells  of  the  follicle  by  their  relatirelj  Urge  size.  (After 
Wnldeyer). — S30,  B.  Tno  jouog  follicles  iiolated ;  in  1,  the  oelli  of  the 
fulliula  form  but  a  single  laj-ar  uroDcd  the  young  primitire  egg ;  in  2,  they 
form  a  double  layer;  in  2,  ihey  begin  to  form  the  primary  chorion  (u),  or 
theao)uip«Iluci<ia(vDLi.  p.  135>.— 330,  C.  A  mature  hmoan  OraaSaD  rollide  : 
o  mature  egs  ;  b,  the  eorroanding  folliclc-oells  ;  e,  the  epithelial  cells  of 
thefuUiolB;  d,  the  fibrous  membtaae  of  the  follicle;  s,  its  outer  lurfaoa. 

The  entire  natural  htstoiy  of  the  human  sexual  organs 
ia  one  of  the  branches  of  Anthropology  which  affords  the 
strongest  proofs  of  the  origin  of  the  buinan  race  from  the 
animal  kingdom.  Each  man,  on  knowing  the  pertinent 
facta,  ajid  without  prejudice,  judging  these  comparatively, 
can  but  be  convinced  that  be  is  descended  from  lower 
Vertebratea.  The  general,  and  the  more  minute  structure, 
the  activity  and  tbe  individual  evolution  of  the  sexual 
organs,  ia  exactly  the  same  in  Man  aa  in  Apes.  This  is  as 
true  of  the  male  as  of  the  female,  of  the  internal  aa  of  tlie 
external  genitalia^  The  differences  in  tlib  matter  between 
Man  and  the  most  man-like  Apea  are  far  leaa  than  the 
differences  between  tbe  various  forms  of  Apea.  As,  how- 
ever, all  Apes  are 'undoubtedly  from  a  common  origin,  tbia 
fact  alone  piwes,  with  absolute  certainty,  the  descent  of 
Man  from  .\\>vs. 
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YL  Bimth  Fttriod  t  QenitalB  and,  Kidn«y9  of  CycZottoma. 

G.  The  sexual  glands  (nmnerons  in  Aerania)  coalesce  into  a  pair. 
U.  The  primitiTe  kidney  dacts  send  ont  lateral  branches  which  acqnire 
rasonlar  ooils  (glomeruli)  (the  semi-pinnate  primitive  kidneys  of  Bdello^ 

XLin.  B.  Second  main  division:  the  genital  organs  (G)  and  the  urinary 
organs  (U)  become  united.  (The  sexual  system  and  the  nrinary  system 
are  united  in  the  "  urogenital  system.") 

yn.  Seventh  Period :  Urogenitals  of  Primitive  Fishes  (Selachii). 

The  primary  primitive  kidney  dnct  differentiates  on  each  side,  forming 
two  secondary  canals ;  the  Wolffian  dact,  which  develops  into  the  seed-daot, 
and  the  Mullerian  duct,  which  develops  into  the  oviduct.  Both  genital 
docta  originally  open  behind  the  anus  (^ProselcLchii), 

YIIL  Eighth  Period  :  Urogenitals  of  Dipneusto. 

A  cloaca  is  formed  by  the  union  of  the  urogenital  opening  and  the  cavity 
of  the  anus.  The  single  urinary  bladder  grows  out  from  the  anterior  wall  of 
the  rectum  (Lepidosiren), 

IX.  Ninth  Period :  Urogenitals  of  Amphibia,, 

From  the  uppermost  part  of  the  primitive  kidney  which  is  in  process  of 
atrophy,  proceeds,  in  the  male  sex,  the  snpplemontary  testis ;  in  the  female 
•ex,  the  supplementary  ovary.  The  Wolffian  duct  yet  acts,  in  both  sexes,  as 
a  urinary  canal,  aod,  in  the  male,  also  as  the  seed-duct.  The  Miillerian 
duet  acts  in  the  female  sex  as  oviduct ;  in  the  male  it  is  a  rndlmentarj 
oigan  (Rathke's  dnct). 

X.  Tenth  Period  :  Urogenitals  of  Protamnick, 

The  atrophied  primitive  kidney  is  replaced  by  the  permanent  secondary 
kidney  u  the  urinary  organ.  The  urinary  bladder  growK  out  from  the 
rcntral  orifice  of  the  embryo  and  forms  the  allnntois.  F>-om  the  anterior 
wall  of  the  cloaca  g^^ws  the  sexual  protuberance  (phallus),  which,  in  the 
male^  develops  to  the  penis,  in  the  female,  to  the  clitoris. 

XI.  Eleventh  Period :  Urogenitals  of  Monotremes, 

The  lower  end  of  the  oviduct  enlarges  on  each  side  to  a  muscuhLr 
utams. 

XIL  TiveJfth  Period :  Urogenitals  of  Marsupialia, 

The  cloaca  is  separated  by  a  partition  into  an  anterior  urogenital  opening 
apertura  wrogsnitalit)  and  a  posterior  anal  opening  {anut).      From  the 
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lower  part  of  the  utems  the  Tagina.cana]  passes  out  on  each  side.    Tbs 
ovaries  and  testes  begin  to  move  downward  from  their  place  of  formation. 

Xin.  Thvrtemth  Period :  UrogmitaU  qf  Sfmi-opss. 

The  lower  parts  of  the  MuUerian  and  the  Wolffian  dncts  ooalesoe  into 
a  soznal  cord.  The  ooalesoenoo  of  the  two  uteri  at  the  lower  part  gives 
rise  to  the  uterus  hicomii,    A  part  of  the  aUantois  becomes  the  placenta. 

XIY.  Fourteenth  Period  t  Vrogemiale  (^Apee. 

The  two  uteri  coalesce  throughout  their  entire  length,  forming  a  single 
pear-shaped  uterus,  as  in  Man. 
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RESULTS  OF  AXTHROPOGEXY. 


Rcriirv  of  tbe  Gtrm  tdftorr  s§  gircn. — ^lu  Explaiiatkm  bj  the  FoiidAniental 
Law  of  Bksgmj.—ltM  OMsd  Bdaticm  to  the  History  of  the  Tribe.— 
RadimesxarT  Orgtam  of  Xaa. — Drstdaologj,  or  the  Doctrine  ol  Par^ 
pc—kiriinwHii — ^UMntmaces  from  Apes. — Man's  Place  in  the  Natnnl 
Sritefls  d  the  Ar*^*^  Kingdcan.— Kan  at  a  Vertebrate  and  a  11^"*!^^ 
— S|<ccial  Tribal  BrtaHf  d  Men  and  Apes. — Eridenoes  regarding  the 
Ape  Qoestks. — ^The  Onarhhia  and  the  PlatTrhina.^The  Dirine  Origin 
of  lUn.— Adaa  aad  ETe.— Kstcrr  of  the  Erolation  of  the  Hind.— 
Hental  DifiercBces  within  a  Single  Class  of  Animals.— Tbs 
ilsan  Mind  and  the  Insect  Mind.— Mind  in  the  Ant  and  in  th« 
Soale^-ms^e  (C^wsf). — Mind  in  Man  and  in  Ape. — The  Organ  of  Mentrl 
ActariiT:    the   Oentral  Xerrcvs  Sjstrm. — ^The    Ontogenj  and   Phj* 
IwrettT  of  the  Mind.— Tte  Moustae  and   Dnalisiie   Theories  of  tfae 
Mind.— HeivdItT  of  the  Mind. — ^Bearing  of  the  Fundamental  Law  of 
Fk^far  on  Pssrchology. — Inflnesce  of  Anthropcgenj  on  the  Victory  of 
t^  McAtftSc  riik^Dphr  and  the  Diefent  of  the  Dnalistic— Nstnre  ssd 
^T>crt.— XarsnJ    Science  aad  ^pizinal  Science. — Conception  of  tke 
WorU  relosmed  by  A^thropcgeBy. 

•  TW  TVcry  of  Dwowst  if  a 
ASA^mt*  »<v>«!KtT  frcan  tbe 

tv;svv<l  fcv«  V>^rer  T«rt«t«ates  and 
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indnctiTe  law  which  resoltt  with 
synthesis  of  all  the  phenomena  of 
threefold  parallel  of  phylogeactic, 
Tlie  doctrine  that  man  has  d^ 
^mediately  from  gttinine  Apes,  ii 
with  ahsolnte  necessity  firm 
of  Descent.    This  view  of 'bsb'i 
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place  in  natare,*  Anoot,  ire  belioro,  be  made  too  pramincDt.  If  tbe  Theovi.' 
of  Desoent  ia  correcb  as  a  whole,  thi^n  the  tbcory  that  man  has  derulupeil 
rium  lower  Vectcbrates  ia  simply  an  UDaroiilnble  dBcluotive  conolnaioD  rmm 
tint  general  intluctifo  law.  Hence,  all  farther  diacoTerieg  which  may  in 
ful  ore  enrich  oar  knowledge  o(  the  phylelio  development  of  man,  can  only 
he  conGrmatire  of  special  points  of  that  deduction,  (rhiuh  rest*  en  tlia 
brakdeat  iudnctire  buis." — Qgneralli  Morphalogii  (I8I)C). 

As  we  have  now  traversed  the  wonderful  territory  of 
the  history  of  human  development,  and  learned  its  most 
important  parts,  it  seems  appropriate  that,  at  the  close  of 
our  travels,  we  should  look  back  on  the  road  behind  us, 
and,  on  the  other  hand,  glance  forward  along  tho  further 
path  of  knowledge  into  which  our  road  will  lead  in  futuro. 
We  started  from  the  simplest  facts  of  the  history  of  man's 
individual  development;  ontogenetic  facts  which  can,  at 
any  moment,  be  shown  and  established  by  microscopic  or 
anatomic  research.  The  first  and  most  important  of  these 
ontogenetic  facts  is,  that  every  man,  like  every  other 
animal,  is  at  the  commencement  of  his  individual  existence, 
a  simple  celL  This  egg-cell  exhibits  precisely  the  same 
structure  and  mode  of  origin  as  that  of  any  other  Mammal. 
From  this  cell  proceeds,  by  repeated  division,  a  many-celleO 
"body,  the  mulberry-germ  {morula);  this  changes  into  a 
cup-germ  (gastruUi),  and  this,  again,  into  an  intestinal 
germ-vesicle  (jjaatrocystis).  The  two  distinct  cell-strata 
which  compose  ita  wall  are  the  two  primary  germ- 
layers  ;  the  skin-layer  {exoJei'ma)  and  the  intowtinal  layur 
(/entoderma).  This  double-layered  germ-fonn  ia  the  onto- 
genetic reproduction  of  that  extremely  important  phylo- 
genetic  parent-form  of  all  Intestinal  Animals,  to  which  we 
bave  given  tho  name  Gastrora. 

Aa  the  human  germ,  like  that  of  other  Intestinal  Animals, 


434 


THE   ETOLCTIOS   OF  MAX. 


passes  through  this  ga-stnila-fomi.  we  are  enabled  to  In 
its  phylogenetic  origin  bact  to  theOastnea.    By  tracing  l 
gumi-history  of  the  two-layered  genn  still  fartlier,  we  fount 
that,  by  Gssio^  four  secondary  layers  are  produced  froB 
the  two  original  germ-layers.     These  have  exactly  the  sam 
coDstitution  and  genetic  sIgniRcance  tn  Man  as  ia  all  othei 
Vertebrates.     From   the   skin-sensory   layer  develops   tl 
outer  skin  (epidermiB)  and  the  central  ner^-ous  syKtem,  an 
probably,  the  kidney  system,     The  skin-6broua  layer  fom 
the  leather-skin  (coriv/m)  and  the  organs  of  motion  {it 
skeleton  and  muscle  systems).     From  the  intcstinal-fibroii 
layer  originates  the  vascular  sj'stem  and  the  floshy  wall  a 
the  intestine.     The  Lnteslinal-glandular  layer,  finally,  fom 
only   the   epithelium,   or   the   inner  cellular  layer  of  tl 
intestinal-mucous  roemhrane  and  of  the  intestinal  ghmda 

The  manner  in  which  these  various  organic  sysU'in 
develop  from  the  four  secondary  germ-layers,  ia,  from  l 
very  first,  exactly  the  same  in  Man  as  in  all  otlier  Vert^ 
brates.  The  germ-history  of  each  separate  oi^gon  aSord 
proof  that  the  human  embryo  takes  exactly  the  same  s|toi 
direction  in  its  diilerentiation  and  formation,  nhich,  cJicop 
in  Man,  occurs  oidy  in  the  other  Vertebrates.  Within  t 
great  animal  tribe  we  then  traced,  step  by  step,  and  ata, 
after  stage,  the  farther  development  which  takes  place  in  tt 
entire  body  an  well  as  in  all  its  several  parts.  This  higlM 
development  takes  place  in  the  human  embiyo  in  the  Ji»n 
peculiar  to  Mammals.  Finally,  we  saw,  that  even  tcilhit 
this  class  the  various  stages  of  phytogcnedc  deveJopucal 
which  determine  the  natural  classiiication  of  Mammal 
correspond  throughout  to  ihe  various  stages  of  ontogeneti 
formation  through  which  the  human  embryo  poasoB  in  it 
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further  course  of  its  developmenL  We  were  thus  enableJ 
to  determine  the  place  of  Man  more  detinitely  la  the  system 
of  this  class,  and  accordiugly  to  establish  the  natuie  of  hta 
relatiou  to  the  various  mammalian  orders. 

The  course  of  reasoning  which  we  adopted  in  explaining 
Uii^se  ontogenetic  facts,  was  simply  the  logicaJ  carrying  out 
of  the  fundamentaJ  law  of  Biogeny,  In  so  doing  we  have 
constantly  triod  to  carry  out  the  significant  disttnction 
between  palingenctic  and  kcnogenetic  phenomena.  Palin- 
(Tenesis,  or  "  the  history  of  iidK-ritance,"  alone  enabled  ua  to 
draw  direct  conclusions  from  observed  gi>rm-forms  as  to  thu 
tribal  forms  transmittcxl  by  heredity.  On  the  other  hand, 
these  conclusions  wore  more  or  less  endangered,  wherevur 
Kcnogenesis,  or  "vitiated  evolution,"  was  introduced  by  new 
adaptations.  The  whole  understanding  of  the  history  of  in- 
dividual evolution  depends  on  the  recognition  of  this  most 
important  relation.  We  stand  here  on  the  border-line  which 
sharply  divides  the  new  from  the  old  method  of  scientiiic 
investigation,  the  new  from  the  old  conception  of  the  world. 
All  the  results  of  n^cent  morphologieal  research  drive  us 
with  irresiatiblo  force  to  the  recognition  of  this  fmidttmentjil 
principle  of  Biogeny,  and  of  its  far-reaching  consoquencca. 
These  are,  it  is  tnie,  irreconcilable  with  the  customary 
nytholo^cal  ideas  of  the  world,  and  with  the  powerful 
prejudices  engrafted  into  tis  in  early  youth  by  Uieosophic 
Instruction;  but,  without  thia  fiindnmental  law  of  Biogeny, 
without  the  dintinction  between  Palitigenc^jis  and  Kviio- 
gcnesis,  and  without  the  Theory  of  DBSccnt,  upon  which 
tliese  are  based,  we  are  entirely  unabhi  to  undontand  the 
facta  of  organic  development;  without  thcj^e,  we  eannul 
affonl  tho  faintest  e.tpknatiun  of  any  part  of  this  great  aiul 
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wonderful  worlJ  of  jilienomena.  But,  if  i 
cauaal  relatian  between  the  development  of  the  j 
that  of  the  tribe,  if  we  recognize  the  true  csnsal  connectio 
of  Ontogeny  and  Pliylogeny,  which  is  expressed  in  that  Iai 
then  the  wondeiful  phenomena  of  Ontogeny  explaio  tbei 
Helves  most  simply;  then  the  facts  of  germ-devclopmea 
appear  but  the  nocesaary  mechanical  elTects  of  Hie  devt-Ioj 
ment  of  the  tribe,  conditioned  hy  tlie  laws  of  Heredity  ai 
Adaptation.  The  inter-opcratiun  of  these  laws  among  ti 
everywhere -active  influences  of  the  struggle  for  exisUni 
— or,  as  we  may  aimply  say  with  Darw-in,  Natural  Selectioi 
— is  amply  suflicieiit  to  explain  to  us  the  entire  proocKs  1 
gorm-hi«tory  by  the  history  of  the  tribe.  Darwin's  clii 
morit  lios  in  the  fact,  that  by  the  discovery  of  the  int« 
action  of  the  phenomena  of  Heredity  and  Adaptati-^n,  I 
prepared  the  way  for  a  correct,  logical  understandiog  of  U 
history  of  Evolution. 

Among  the  numBrous  and  important  evidences  that  l 
have  found  for  the  truth  of  this  view  of  our  devcbpmei 
history,  I  will  only  call  attention  here  once  more  to  t 
peculiarly  valuable  records  of  creation  afforded  by  Dystela 
ology,  or  the  doctrine  of  purposelessness,  the  science  dealiq 
with  rudimentary  organa  It  is  impossible  to  emph&sia 
too  often  and  too  strongly  the  high  morpbolugical  import 
ance  of  those  remarkable  parts  of  the  body,  wlucb  an 
physiologically,  completely  worthless  and  usiJoss.  In  ever 
system  of  organs  we  tind,  in  Man  and  in  all  higher  Terte 
bratea,  some  of  these  worthless  piimaival  hcii'looma,  whid 
have  been  inherited  from  our  lower  vertebiate  anec 
Thus,  first,  we  find  on  the  outer  surface  of  the  body  ft  MmnW 
rudimentary  covering  of  hair,  which  is  thicker  only  t 
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he&,d,m  the  armpits,  and  on  some  other  parts  of  the  body.  The 
short  hairs  on  the  greater  part  of  the  surface  of  our  bodies  are 
entirely  useless,  are  witliout  any  physiological  significance ; 
they  are  the  last  scanty  remains  of  the  much  more  fully 
developed  liairy  covering  of  our  Ape  ancestors  fp.  208).  The 
sense-organs  exhibit  a  series  of  the  most  remarkable  rudimen- 
tary parts.  As  we  have  seen,  the  whole  external  sthell  of  the 
ear,  with  its  cartilages,  muscles,  and  membrane-s,  is,  in  Man, 
a  usuless  appendage,  destitute  of  the  physiological  importance 
that  was  formerly,  erroneously,  attributed  to  it  It  is  the 
atrophied  remnant  of  the  pointed,  freely- moving,  and  much 
more  highly  developed  mammalian  ear,  the  muscles  of  which 
we  retain,  although  we  can  no  longer  use  them  (p.  271). 
Again,  we  found,  at  the  inner  corner  of  the  human  eye,  tlie 
remarkable  little  crescent-ahaped  fold,  which  is  of  no  use  to 
us,  and  is  of  interest  only  as  being  the  last  vestige  of  the 
nictitating  membrane ;  of  that  third  inner  eyelid  which  is 
atill  of  great  physiological  importance  in  Sharks  and  many 
Amnion  Animals  (p.  259).  Numernus  and  interesting 
dystdeological  pi-oofs  are  also  afforded  by  tlie  apparatus  of 
motion,  both  by  the  bony  and  the  muscular  systems.  I 
wiU  only  cite  the  free,  projecting  tail  of  the  human  embryo, 
and  the  rudimentary  caudal  vertebrae  developed  in  the 
latter,  together  with  the  pertinent  muscles;  this  whola 
organ  18  entirely  useless  to  Man,  but  is  of  great  interest  as 
the  atrophied  rcmnaut  of  the  long  tail  of  our  earhttr  Ape 
uicestors,  which  was  composed  of  numerous  vertebriB  and 
muBcItts  (p,  2S3).  From  tlieso  ^ame  ancestors  we  have  also 
inhbi'ited  various  bone-pi-ocesses  and  muscles,  which  were  of 
great  use  to  them  in  their  climbing  life  among  the  treeii,  but 
witli  us  have  fallen  out  of  use.    At  various  points  under  the 


THS  EVOLCnON  or  MAK. 


skift  «e  afao  bsve  entirely  onused  skin-muscles ;  vesUgai  of 
the  lugely  dev'doped  Bkin-muscles  of  our  lower  mam- 
leeston.  It  w&s  the  functioa  of  this  "  panniculua 
'  to  cootnct  uiil  imnkte  the  skin,  as  we  in&y  Be« 
KQj  dqr  done  by  bones  to  drive  sway  flies.  We  still 
}Wm—  an  Mtin  renuant  of  this  great  skin-muscle  in  tbe 
mmde  of  the  fimbesd,  by  means  of  which  we  wiinkle  the 
focdkwd  and  dnv  ap  the  eyebrows ;  bat  we  are  no  longer 
able  to  nmre  at  will  another  eonsideraUe  lemnant  of  it,  the 
great  skin-musele  of  the  neck  (jotatytma  myoiJea). 

As  in  these  %n™*l  oigan-sj'stems  of  our  body,  so  also  io 
tbe  vegetative  appantos,  we  meet  witli  many  ni<Iin>entary 
or^Ds,  most  of  which  we  have  incidcnt^ly  noticed.  I  will 
only  cite  the  remarkable  thyroid  gland  (tkift'eoid^a),  the 
rudiment  of  the  crop  and  tbe  remnant  of  tde  ciliated  groove 
(hypobranebial  groove)  present  in  Chordonia,  Ascidia,  and 
Amania.  on  tbe  lower  part  of  the  gill-body  (jtp.  33G,  333); 
kIso  the  vermiform  prooeas  of  the  hliud-inteatiQe  {ceecum) 
<p.  344).  In  the  vascular  s}-stem  we  find  many  usclea 
ducts,  the  vestiges  of  disused  Teasels  which  were  formerly 
active  blood -chan Dels ;  such,  for  instance,  are  the  "duchis- 
Botalli^  between  the  liiiig-aTt<.>ry  and  the  aorta,  and 
the  "ductus  venottua  Arantii,"  between  the  vtna  pmim 
and  vena  cava,  and  many  otheis.  The  numerous  rudi* 
luentary  organs  of  the  urinary  and  sexual  systems  (p  41i): 
are  especially  interesting.  Most  of  Uiese  are  developed 
one  BOX  and  rudimentary  in  the  other.  Thus,  in  tite  mal^ 
the  aeed'ducLs  form  from  the  Wolffian  ducts,  of  which  the 
only  traces  remaining  in  the  female  are  tIte  Qartneriair 
canals.  Ou  the  other  hand,  from  the  Mullerian  ducts  in  the 
female  are  developed  the  oviducts  and  the  uterus;  while  is 
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the  male,  only  the  lower  extremitie&  of  these  ducta  remain, 
forming  the  useless  male  uterus  (vcsicula  jtroatatica).  In 
the  nipplca  and  mammary  glands,  the  male  possesses  other 
rudimentary  organs  which,  as  a  rule,  are  functional  only  in 
the  female  (p.  20-t). 

A  closer  anatomical  examination  of  the  human  body 
would  bring  to  our  notice  a  number  of  other  rudimentary 
organs,  all  of  which  can  be  explained  only  by  the  Theory  of 
Ijescent.  They  are  among  the  most  important  evidences  tbr 
the  truth  of  the  mechanical  theory  of  natuie,  and  among  tlie 
most  overwhelming  proofs  agalnwt  the  prevailing  teleolugical 
idea^  of  creation.  If,  in  accordance  with  tliis  latter  view.  Wan 
and  every  other  organism  had  been  designed  for  his  life- 
purpose  from  the  beginning,  and  had  been  called  into  existence 
by  an  act  of  creation,  the  existence  of  these  rudimentary 
organs  would  be  an  incomprehensible  enigma;  it  would  be 
impossible  to  understand  why  the  Creator  stieuld  have  laid 
this  useless  burden  on  his  creatures  in  their  Ufe-jounicy,  sw 
arduous  at  the  best.  On  the  other  hand,  Uy  means  of  tlio 
Theory  of  Descent  we  can  explain  their  existence  in  tliu 
most  simple  way,  and  say :  The  rudimentaiy  organs  are 
parts  of  the  body,  which,  in  the  course  of  centuries, 
liave  gradually  fallen  out  of  use;  organs  which  perfoimed 
definite  functions  in  our  animal  ancestors,  but  which,  in 
us,  have  lost  their  physiological  importance.  They  have 
become  useleM  in  consequence  of  our  adaptation  to  new 
circumstances,  but  yet  are  transmitted  from  generation  to 
generation  by  heredity,  and  have  only  sIoi\ly  atrophied. 
Like  these  rudimentary  organs,  so  also  all  the  othvr 
gana  of  oui  body  have  beon  transmitted  to  us  fixtm 
,  and,  immediately,  from  our  Apo  ancestors.    The 
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human  body  includes  co  single  organ  wLich  is  not  i 
lieiiteJ  from  Apes  ;  but,  by  means  of  our  fundamental  lnvj 
of  Biogeny,  we  can  trace  the  origin  of  our  seveml  syateii 
of  organs  yet  further  down  to  various  lower  anccstii 
grades.  Thus,  for  instance,  we  can  say  that  we  haw 
inherited  tlie  earliest  organs  of  our  body,  the  outer-skii 
^epidermis)  and  the  intestinal  canal,  from  the  Gastnead^ 
the  nervous  and  muscular  systems  from  the  lower  Worn 
(Archelminihes),  the  vascular  system,  body-cavity  (cceU/ma] 
and  blood  from  Sofl  Worms  (Scolccida),  the  notochord  t 
the  gill-int<atine  from  Chorda  Animals,  the  diScrentiatm 
organs  of  sense  from  the  Cyeloatoma,  the  limbe  and  1 
Mullerian  ducta  from  Primiti\'e  Fishes  (Selachii),  and  the  p» 
temal  reproductive  organs  from  Primitive  Uammals  (/*)■!> 
vutmmalia).  When  we  stated  the  "law  of  the  ontogcnctii 
connection  of  systematically  allied  forms,"  and  determined 
the  relative  age  of  the  organs,  we  saw  how  we  could  draw 
such  phylogenetic  conclusions  as  these  from  the  ontogeneUt 
guccession  of  the  organ-systems  (vol  i.  p.  390 ;  ii,  357). 

By  the  help  of  this  imjioitant  law  and  of  Comparativ* 
Anatomy,  we  were  also  enabled  to  determine  definitely 
"  man's  place  in  nature,"  or,  as  we  may  say.  to  assign  t 
man  his  position  in  the  system  of  the  animal  kitigdom.  II 
is  now  usual,  in  the  more  recent  zoological  &^-Bt«ms,  1 
diiilnbute  the  whole  animal  kingdom  into  the  seven  tribe^ 
or  ■phyla,  which  are  again  sub-divided,  in  round  numbciS 
into  about  foity  classes ;  and  these  classes  into  abc 
two  hundred  orders.  According  to  liis  whole  organizntio 
Man  is  undoubtedly,  primarily,  a  member  of  but  a  Hin"lt 
ti'ibo,  that  of  \'crt*brates ;  secondly,  he  is  a  member  of  I 
A  aingle  class,  that  of  ItlammaJs ;  and,  thirdly,  a  motobd 
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of  but  a  single  order,  that  of  the  Apes.  AU  the  character- 
istic peculiarities,  distinguUhiiig  Vertebrates  from  the  other 
six  tribc3,  distinguishing  Maniinata  from  the  other  forty 
classes,  and  distinguishing  Apes  from  the  remaining  two 
hundred  orders  of  the  animal  kingdom,  are  also  present 
in  Man.  Turn  and  twist  as  we  may,  we  cannot  escape  this 
anatomical  and  systematic  fact.  Quite  recently  this  very 
fact  has  led  to  the  liveliest  discussion,  and  has  occasioned, 
especially,  many  disputes  about  the  specific  anatomical 
relationship  of  Man  to  Apes.  Tlie  nio.st  astounding  views 
on  this  "ape  question,"  or  "pithecoid  theory,"  have  been 
altered.  It  will  therefore  be  well  to  examine  it  closely 
once  more  at  this  point,  and  to  separate  the  essential  from 
the  non-essential  in  it. 

We  will  start  from  the  undisputed  fact,  that  Man,  at  all 
events, — whether  his  special  blood -relationship  to  Apes  is 
acknowledged  or  denied, — is  a  genuine  Mammal,  is  a  Pla- 
cental Mammal.  This  fuudamenUd  truth  can  be  so  easily 
proved  at  any  moment  by  investigations  in  Comparative 
Anatomy,  that  it  has  been  unanimously  acknowledged  since 
the  separation  of  the  Placental  from  the  lower  Mammals 
iTouched  Animals,  or  Marsapialia,  and  Beaked  Animals,  or 
Omitkosloma).  But,  from  tliia,  every  logical  aditerent  of 
tba  doctrine  of  development  at  once  draws  tlie  conclusion, 
Uiat  man  is  descended  from  one  and  the  same  common 
lurent-foira,  together  with  all  other  Placental  Animals, from 
(he  priigenitor  of  the /"AictTi/u/ia,  just  as,  further,  we  must 
necemm'ily  supiMse  a  common  mammalian  ancestral  form 
of  all  the  various  Mammals  (y*/Hccn(ui(a)-  Pouched  Animals, 
Mid  Cloaca!  Animals  {MunoU'cniaia) ;  but  by  this  the  great, 
oil-agitating  uulu  ({iicstloa  of  maiiV  place  in  nature  a 
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coneluaivfely  settlol,  whether  we  ascribe  to  Man  a  nearer  or 
a  more  remote  relationship  to  Ajiea.  No  matter  wkelh«i 
Man  is,  in  a  phylogerp.tic  sense,  a  member  of  the  Ape  onlei 
(or,  if  it  is  preferred,  of  the  Primal*  order)  or  not,— 
any  case,  his  direct  blood-relationship  tij  all  othor  Mammal& 
and  especially  to  the  Placental  Mammals,  is  establishod.  I| 
may  be  that  the  inter-relations  of  the  various  Matum&ls 
are  quite  different  from  those  now  hj-pothetically  assumetl; 
but,  in  any  case,  the  common  descent  of  Man  and  all 
other  Mammals  from  a  cocnraoD  parent-form  is  indis- 
putable. This  primaeval,  long  since  extinct  parent-fona^ 
which  probably  developed  during  the  Triassic  Period,  wai 
the  monotrenie  ancestral  form  of  all  filammak. 

If  this  fundamental  and  extremely  significant  principle 
is  borae  in  mind,  the  "ape  question"  will  appear  to 
in  a  wholly  diflerent  light  from  that  in  which  it  is  usually 
piwsentod,  A  little  reflection  will  bring  conviction  that 
this  question  has  not  the  importance  that  has  of  late  been 
attributed  to  it;  for  the  origin  of  the  human  race  from 
a  series  of  various  mammalian  ancestors,  and  the  historical 
development  of  the  lattei-  from  an  earlier  series  of  low« 
vertebrate  ancestora,  remains  indubitably  established,  no 
matter  whether  the  genuine  "Apes"  are  regnided  as  tha 
ncjirest  animal  ancestors  of  the  human  race  or  not.  But, 
it  having  become  habitual  to  lay  the  princii>al  weight  of 
the  entire  question  of  the  origin  of  man  on  this  very 
"  descent  from  Apes,"  I  find  myself  compelled  to  return 
once  more  to  it  here,  and  to  recall  those  facts  in  Com- 
j>aiative  Anatomy  and  Ontogeny,  which  conclosively  gelUfl 
this  "ape  question." 

The  shortest  way    to  the  goal  is  the  one  taken  by 
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Huxley  in  hb  celebrated  work,  which  we  have  so  often 
quoted,  on  the  "  Evidences  as  to  Man's  Place  in  Nature," — 
the  way  afforded  by  CJomparative  Anatomy  and  Ontogeny. 
We  have  to  compare  objectively  all  the  several  organs  of 
Man  with  the  same  organs  in  the  higher  Apes,  and  then  to 
ascertain  whether  the  differences  between  the  former  and 
the  latter  are  greater  than  the  corresponding  diffoionces 
between  the  higher  and  lower  Apes.  The  indubitable  and 
indisputable  result  of  this  comparative  anatomical  investi- 
gation which  was  conducted  with  the  greatest  candour  and 
accuracy,  was  the  important  law,  which,  in  honour  of  its 
discoverer,  we  have  named  Huxley's  Law;  namely,  that  the 
physical  differences  between  the  organiaation  of  Man  and 
tliat  of  the  most  highly  developed  Apes  known  to  us,  are 
much  smaller  than  the  corresponding  differences  between 
tlie  higher  and  lower  Apes.  We  might  even  define  thia  law 
yet  more  exactly  by  excluding  entiri'Iy  the  Platyrhlna  or 
American  Apes  as  being  more  remote  relatives,  and  limilin^ 
our  comparison  to  the  nanower  circle  of  relatives,  tliu 
Catarhioa,  or  Apes  of  the  Old  World.  Even  within  this 
BmaU  group  of  Mammals,  wo  found  the  dilTeronces  of  Htiiic- 
ttire  between  the  higher  and  lower  Narrow-nosed  Ai>es,  for 
example  between  the  Gorilla  and  the  Baboon,  much  greater 
than  the  differchces  between  these  Man-like  Apes  and  Man 
When,  in  addition,  we  now  turn  to  Ontogeny,  and  when  we 
find  there,  according  to  our  "  law  of  the  ontogenetic  con- 
nection of  systematically  related  forms,  that  the  embryos  of 
Man  and  of  the  Man-like  Apes,  are  identical  for  a  longer 
period  than  tlic  embryos  of  the  highest  and  of  the  lowest 
Apee,  we  are  certainly  obliged  to  bring  ourselves,  whether 
with  a  good  or  a  bad  grace,  to  acknowledge  our  origin  ftxim 
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the  Ape  order.  From  the  facts  eshibitod  by  Cooipantt' 
Anatomy,  we  can  undoubtedly  form  in  uoaginatioa  i 
approximate  image  of  the  structure  of  our  anoestors  during 
the  older  Tertiary  Period ;  we  may  fill  out  the  details  as  wa 
will,  yet  this  image  will  be  a  genuine  Ape,  and  a  tni« 
Catarhine.  For  Man  has  all  the  physical  characters  dia- 
tinguishing  the  Catyrhina  from  the  Platyrhini  Accord- 
ingly, in  the  mammalian  pedigree,  we  must  derive  tha 
human  race  directly  from  the  Catarhine  group,  and  refer 
the  origin  of  Man  to  the  Old  World,  For  the  entire  group 
of  the  Catarhine  Apes  has,  as  yet,  been  confined  to  the  Old 
World,  just  aa  the  group  of  the  Platyrhine  Apes  has  been 
limited  to  the  New.  Only  the  earliest  root-form,  that  fiooi' 
which  both  groups  sprang,  was  common  to  them ;  probably 
it  originated  from  the  Semi-apes  of  the  Old  World. 

Theiefore,  although  it  ia  thus  indubitably  cstabh^ed 
the  result  of  our  objective  scieutific  inv,uiry,  tliat  the  human 
race  is  directly  descended  from  the  Apes  of  the  Old  World, 
yet  we  will  once  more  state  emphatically  that  this  signifi- 
cant fact  is  not  of  as  great  importance  to  the  main  question, 
of  the  origin  of  Man,  as  is  generally  supposed.  For,  ev«a 
if  we  entirely  ignore  the  fact  or  thrust  it  aside,  this  will 
not  affect  all  that  the  zoological  facts  of  Comparative 
Anatomy  and  the  history  of  development  have  taught 
concerning  the  placental  character  of  Maa  These  clearly 
prove  the  common  descent  of  Mau  and  the  other  Mammala. 
It  is  evident  also,  that  the  main  question  cannot  be  in  tho 
least  evaded  or  set  aside  by  the  statement :  "  Man  is,  indeet^ 
a  Mammal ;  but  he  branched  otf  from  the  others  quite  at 
the  root  of  the  class,  and  has  no  nearer  relationship  wiii 
any  other  extant  Mammal"    At  all  events,  the  relationship 


EVOLDTIOS  AMD  SESTDIEST. 


44S 


evidendy  more  or  less  dose  if  we  comparatively  examine 
the  relation  of  the  Mamiualian  class  to  the  remaining  forty 
classes  of  the  animal  kingJom.  All  Mammals,  including 
Man,  are,  at  least,  of  common  origin,  and  it  is  equally 
ceiiain  that  their  common  parent-foi-nis  gradually  develcped 
from  a  long  series  of  lower  Vertebrates. 

Feeling,  evidently,  rather  than  understanding,  induces 
most  people  to  combat  the  theory  of  their  "descent  from 
Apes."  It  is  simply  because  the  organism  of  tlie  Ape  appears 
a  caricature  of  Man,  a  distorted  likeness  of  ourselves  in  a 
not  very  attractive  form,  because  the  customary  (esthetic 
ideas  and  self-glorification  of  Man  are  touched  by  this  in  so 
sensitive  a  point,  that  most  men  shrink  from  recognizing 
their  descent  from  Apes.  It  seems  much  pleasanter  to  be 
descended  from  a  more  highly  developed,  divine  being, 
and  hence,  as  is  well  known,  human  vanity  has,  from  tlie 
earliest  times,  flattered  itself  by  assuming  the  original 
descent  of  the  race  from  gods  or  demi-goda  The  church, 
with  that  sophistical  distortion  of  ideas  of  which  she  is 
BO  great  an  adept,  has  managed  to  extol  this  ridiculous 
pride  as  Christian  humility ;  and  those  people  who 
reject  with  haughty  horror  every  suggestion  of  descent 
from  lower  animals,  and  consider  themselves  children  of 
God,  those  very  people  are  exceedingly  fond  of  boosting 
about  their  childlike  humility  of  spirit.  In  most  of  the 
sermons  delivered  against  the  progress  of  the  doctrine 
of  evolution,  human  vanity  and  conceit  play  throughout 
a  prominent  part;  and,  although  we  have  inherited  this 
characteristic  weakness  from  Apes,  yet  we  must  confess  to 
having  developed  it  to  a  degree  of  perfection  which 
eomplotcly  overthrows  the  unprejudiced  judgment  of  the 
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'  sound  understanding  of  man."  We  ridicule  the  ehildisb 
fyllies  occasioned  by  the  pride  of  ancestry  among  Uie 
ni»bllity,  from  the  splendid  Middle  Agp3  down  to  our  own 
time,  and  yet  no  small  portion  of  this  groundless  pride 
of  nobility  lurks  in  a  great  majority  of  men.  Ju3t  aa  most 
people  prefer  to  trace  their  pedigree  from  a  decayed  baron 
or,  if  possible,  fitom  a  celebrated  prince,  rather  than  frotn 
an  unknown,  humble  peasant,  so  they  prefer  seeing  the  pio- 
genitor  of  the  human  race  in  an  Adam  degraded  by  the  Fall, 
rather  than  in  an  Ape  capable  of  higher  development  and 
progress.  It  is  a  matter  of  taste,  and  such  gcnealogicil 
preferences  do  not,  therefore,  admit  of  discoasioD.  Still  I 
must  confess  that,  pci'sonally,  I  am  as  proud  of  my  paternal 
grandfather,  who  was  simply  a  Silesian  peasant,  as  of  my 
maternal  grandfather,  who  raised  him.self  from  the  position 
of  a  Rhenish  lawyer  to  the  highest  posts  in  the  council 
of  state.  And  it  is  also  much  more  to  my  individual  taste 
to  be  the  more  highly  developed  descendant  of  a  primieval 
Ape  ancestor,  who,  in  the  struggle  for  exist«nco,  had  de- 
veloped progressively  from  lower  Mammals,  as  they  from 
still  lower  Vertebrates,  than  the  degraded  descendant  of 
an  Adam,  god-like,  but  debased  by  the  Fall,  who  was  formed 
from  a  clod  of  earth,  and  of  an  Eve,  created  from  a  rib  of 
Adam.  As  regards  this  celebrated  "  rib,"  I  must  here  ex- 
pressly add  as  a  suj^plement  to  the  history  of  the  develop- 
ment of  the  skeletfln,  that  the  number  of  ribs  is  the  same  in 
man  and  in  woman.  In  the  latter  as  well  aa  in  the  former, 
the  ribs  originate  from  the  skin-fibrous  layer,  and  are  to  I*  re- 
garded phylogenetically  as  lower  or  ventral  vertebrBB  (p.  285), 
Now  I  certainly  hear  some  one  say :  "That  may  all  h« 
right  and  correct  as  far  as  the  human  body  is  concerned,  and. 
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from  the  facts  preaented,  it  is  certainly  no  longev  to  be 
doubted  that  tills  has  actiintly  developed  gradually,  step  by 
step,  from  the  long  ancestral  aeries  of  Vertebrates ;  hut  it  is 
quite  otherwise  with  the  '  spirit  of  man,'  with  the  human 
mind,  which  cannot  possibly  have  developed  in  a  similar 
way  from  the  mind  of  bwer  Vertebrates."  Let  us  see  if  thfl 
known  fju^ts  of  Comparative  Anatomy,  Physiology,  and 
Evolution  can  meet  this  grave  objection,  We  shall  beat 
gain  firm  ground  from  which  to  start  in  this  matter  by 
comparatively  examining  the  minds  of  the  different  Verte- 
brates. Side  by  side  within  the  various  claaaea,  orders, 
genera,  and  species  of  Vertebrates,  we  find  so  groat  a  variety 
of  vertebral  intellects,  that,  at  first  sight,  one  can  scarcely 
deem  it  possible  that  they  can  all  be  derived  from  the  mind 
of  a  common  "  Primitive  Vei-tebrate."  First,  there  is  the 
little  Lancelet,  which  has  no  brain  at  all,  but  only  a  simple 
medullary  tube,  the  entire  mental  capacity  remaining  at 
the  very  lowest  grade  occurring  among  Vertehratea  The 
Cyclostomi,  also,  standing  just  above,  exhibit  a  hardly 
bigher  mental  life,  though  they  have  a  biain.  Passing  on  to 
FiahcB,  we  find  their  intelligence,  as  is  well  known,  also 
at  a  very  low  point.  Not  until  from  those  we  ascend  to  the 
Amphibia,  is  any  essential  progress  in  mental  development 
observable.  Tliis  is  much  greater  in  Mammals,  although, 
•vcn  here,  in  the  Beaked  Animals  {Ornithoetoma),  and  the 
next  higher  clasa,  the  stupid  Pouched  Animals  (Ma  y€'iplats). 
the  entire  mental  activity  is  still  of  a  very  low  order;  but 
if  we  poas  on  fi-om  tht-se  to  Placental  Animals,  within  thia 
multiform  group  we  find  such  numerous  and  important 
•tepa  in  dilFtrentiation  and  improvement,  that  the  mental 
diflerenccs  between  the  moat  stupid  Placental  Animals  (lot 
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instaace.  Sloths  and  AimadUlos)  and  the  most  intcQigen^ 
animals  of  the  same  group  (for  instance.  Dogs  and  Apes]^ 
seem  much  more  considerable  than  the  intellectual  dif- 
feienoes  between  those  lowest  Placentals  and  the  Pouched 
*  nimflta  or  evcn  the  lower  Vertebrates.  Those  difTcrcncec 
are,  at  any  rate,  much  more  considerable  than  the  dlf> 
ferences  in  the  intellectual  life  of  dogs,  apes,  and  men.  And' 
yet  all  these  animals  are  allied  members  of  a  single  class." 

This  fact  is  shown  to  a  yet  more  surjtrising  degree  ia 
the  Comparative  Psychology  of  another  class  yf  anirnul)^ 
which  is  specially  interesting  for  many  reasons,  that  of 
Insects.  It  is  well  known  that  many  luscctfi  exhibit  a 
mental  capacity  approximately  as  highly  developed  as  i 
possessed  by  Man  only  of  the  vertebrate  group.  It  is  needles 
to  speak  of  the  celebrated  organized  communities  and  s 
of  Bees  and  Ante ;  every  one  knows  that  very  remarkably 
social  arrangements  occur  among  these,  such  as  occur  in  ai 
equal  degree  of  devulopment  only  in  the  higher  races  o 
men,  and  nowhere  else  in  the  animal  kingdom.  I  wilt  only 
allude  to  the  civil  oi^nizntion  and  government  amoox 
Monarchical  bees  and  Republican  ants,  to  their  diviiiiuQ 
into  various  orden:  the  queen,  the  drone  nobility,  tlit 
workers,  the  nurses,  soldiers,  and  so  on.  Among  the  mtui 
remarkable  phenomena  in  this  extremely  interesting  field  d 
life,  is  certainly  the  cattle-keeping  of  certain  Ants,  whidi 
tend  plaut-lice  for  the  sake  of  their  milk  and  regularly 
collect  their  honey-juica  Even  more  remarkable  is  the 
slave-holding  of  the  large  red  Ante,  which  steal  the  yoi 
of  the  small  black  species  and  rear  them  to  slave-labour. 
It  has  long  been  known  that  all  these  civH  and  i 
arrangemente  of  the  jVnts  were  originated  by  the  systematic 
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eo-oporation  of  numerous  citizens,  understanding  each  other. 
Numerous  observatioDs  have  placed  the  astoundingly  high 
intellectual  development  of  these  little  Articulated  Animals 
beyond  all  duitbt.  With  this  let  us  compare,  as  Darwin 
has  done,  the  intellectual  capacity  of  many  lower,  and, 
espe<^ally,  of  many  parasitic,  Insects.  There,  for  example, 
are  the  Scale  Insects  (Coccus)  which,  when  mature,  consist 
of  on  entirely  immovable  shield-shaped  body  attached  to 
the  leaves  of  plants.  Their  feet  are  atrophied.  Their 
mouths  are  embedded  into  the  tissue  of  the  plant,  the 
juioea  of  which  they  suck.  The  whole  mental  activity  of 
this  motionless  female  parasite  consists  in  the  enjoyment  it 
derives  from  sucking  these  juices  and  from  sexual  inter- 
course with  the  unattached  male.  The  same  is  true  of  the 
ma^ot^like  female  of  the  Twisted-wings  (Strepsiptera), 
which  spends  its  whole  life,  wingless  and  footless,  as  a 
motionless  parasite  in  the  body  of  the  wasp.  There  can  he. 
no  suspicion  of  any  higher  mental  activity  there.  If  these 
brutish  parasites  are  compared  with  the  mentally  active 
and  sensible  ants,  it  will  certainly  be  admitted,  that  the 
psychical  differences  between  the  two  are  much  greater 
than  those  between  the  highest  and  lowest  Mammals, 
between  Beake<I  Animals  (Omithostoma).  Pouched  Animals 
(Maraiipinlia),  and  Armadillos  on  the  one  hand,  and  D«g», 
Apee,  and  Men  on  the  other.  And  yet  all  those  Insects 
belong,  without  question,  to  the  single  class  of  Arthropods, 
just  08  all  these  Mammals  undoubtedly  hclong  to  the  single 
class  of  Vertebrates  ;  and  just  as  eveiy  logical  adhereut  of 
the  doctrine  of  evolution  must  assume  a  common  parent- 
fnrm  for  all  those  Insects,  so  also  he  must  necessarily  aasert 
jft  common  descent  for  all  these  Mammala. 
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Tumiog  now  from  observing  the  comparatire  menl 
ca)iacity  of  the  varii^us  aniiuala  to  the  question  &3  to 
organs  of  these  functions,  we  receive  the  answer,  that  in  tXL 
Iiigher  animals  they  are  invariably  connected  with  certaini 
groups  of  cells,  those  cella  which  compose  the  centra 
nervous  system.  All  naturalists,  without  exception, 
that  the  central  nervous  system  is  the  organ  of  the  i 
life  of  animals,  and  this  assertion  iB  at  any  time  capaU 
of  experimental  iro)f  If  the  central  nervous  system  i 
wholly  or  partially  destroyed,  the  "  mind,"  or  the  peychici 
activity  of  the  animal,  is  wholly  or  partially  annibilat«d  a 
the  same  time.  We  must,  therefore,  nest  inquire  what  I 
the  character  of  the  mental  organ  in  man.  The  undeniabl 
answer  to  this  question  has  already  been  givcD.  Uaol 
mental  organ  is,  in  its  whole  structure  and  origin,  the  eana 
as  that  of  all  other  Vertebratea.  It  originates  ae  a  aimpi 
miidullary  tube  from  the  outer  skin  of  the  embrvo,  froa 
the  skin-aensoiy  layer,  or  the  first  of  tlie  secondary  genn 
layers.  In  the  course  of  ite  gradual  development  it  pasaai 
tlirough  the  same  stages  of  progression  in  the  hom 
embryo  as  in  that  of  all  other  Vertebrates,  and  bs  thi 
latter  have  undoubtedly  a  common  origin,  so  must  aim  t 
brain  and  spinal  cord  be  of  the  same  origin  in  all. 

Physiological  obsci-vation  and  experiment  teaches,  moT«- 
over,  that  the  relation  of  the  "  mind  "  to  ita  organ,  the  Imiin 
and  spinal  marrow,  is  exactly  the  same  in  Man  as  in  all 
other  Mammals.  The  former  can  in  no  ca^e  act  without 
the  latter;  the  one  is  connected  with  the  other,  a*  ii 
muscular  movement  with  muscle.  Tlierefote,  the  mind  can 
develop  only  in  connection  with  its  organ.  Adhcrenta  rf, 
the  Theory  of  Descent,  who  concede  the  causal  cunnectii 


DBVELOPMENT  OF  THE  HUMAN   MIND. 


45  > 


between  Ontogeny  and  Phytogeny,  are  now  compelled  to 
recognize  the  following  propositions :  Tlie  mind,  or  "  psyche," 
of  man  has  developed  together  with,  and  as  the  function  of 
the  medullary  tube,  and  just  as  even  now  the  brain  and 
Bpiual  marrow  develop  in  each  human  individual  from  the 
Bimple  medullary  tube,  8o  the  human  "  mind,"  or  the  mental 
capacity  of  the  entire  human  race,  has  developed  gradually, 
step  by  step,  from  the  mind  of  lower  Vertebrates.  Just  as 
even  now  in  every  individual  of  the  human  race  the 
■wonderful  and  complex  structure  of  the  brain  develops 
step  by  step  from  exactly  the  same  rudiment,  irom  the 
same  five  simple  brain-bladders,  as  in  all  other  Skulled 
Aniinals  (Craniota),  so  the  human  mind  haa  gradually 
devolojied  in  the  course  of  millions  of  3'eai's  from  the  mind 
of  lower  Skulled  Animals ;  and  as  now  the  brain  of  every 
human  embryo  difl'erentiates  according  to  tlie  spedal  type 
of  the  Ape-brain,  so  also  the  human  p^che  haa  historically 
differentiated  &om  the  Ape-mind. 

This  monistic  idea  will,  of  course,  be  indignantly  re- 
jected by  most  people,  who  accept  the  contrary  dualistic 
view,  which  denies  the  inseparable  connection  of  the  brain 
ud  the  mind,  and  regards  "  body  and  mind  "  as  entirely 
separate  and  distinct;  but  how  shall  we  reconcile  this 
commonly  accepted  view  with  the  facts  taught  by  the 
history  of  evolution  ?  The  dualistic  view  is,  at  least,  08 
irreconcilably  opposed  to  Ontogeny  as  to  Phylogcny.  If 
"KB  agree  with  the  majority  ot  men,  that  the  mind  is  a  aelf- 
ezistent,  independent  being,  which  has  originally  nothing 
to  do  with  the  body,  but  only  dwells  in  it  for  a  time,  and 
which  gives  expression  to  its  emotions  through  tim  brain, 
Bs  the  piano-player  through  his  instrument,  then  we  must 
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suppose  a  period  in  the  human  germ-history,  at  which  Uu  j 
mind  enters  the  body,  enters  the  brain ;  and  we  must  alao  1 
suppose  a  moment  at  death,  at  which  it  leaves  the  bodyj 
and   further,    as    every   man    inherite    certain    individoil 
mental  qualities  from  each  parent,  we  must  suppose  i 
portions  of  the  mind  of  each  were  transferred  to  the  g 
at  the  time  of  its  procreation.     A  little  piece  of  the  father^ 
mind  accompanied   the   spcrm-cell,   a   little   piisce   of   : 
mother's  mind  remained  with  the  egg-celL     Thia  dualisti 
view  entirely  fails  to  explain  the  phenomena  of  evolutia 
We  aJI  know  that  the  new-bom  child  has  no  consciouana 
no  knowledge  of  itsiilf  and  of  the  objective  world.     WlM 
ever  has   children  of  his  own,  and   follows   their   inenti 
development  candidly,  cannot  poi!sibly  deny  that  ] 
of  biological  evolution  are  at  work  there.     Just  as  all  otb( 
functions  of  the  body   develop   in  connectioo  with   thd 
organs,  so  does  the  mind  develop  in  eonnectioD  with  I 
brain.     And  this  gradual  development  of  the  child's  t 
is  such  a  wonderful  and  beautiful  phenomenon,  that  ev< 
mother  and  every  father  with  eyea  to  see  takes  i 
delight  in   observing   it.     The   text-books  of   ^ychologj 
alone  are  ignorant  of  any  such  development,  and  we  « 
almost  forced  to  the  conclusion  that  their  authors  thei 
selves  never  had  any  children.     The  human  mind,  as  it  il 
represented  in  the  great  majority  of  psychological  worki^ 
is  only  the  one-sided  mind  of  a  learned  philosopher,  i 
indeed,  knows  many  books,  but  nothing  of  the  procesa  ct 
evulution,  and  does  not  suspect  that  even  hia  own  mind  iiM) 
developed. 


they 


These  same   dualistic  philosophers  must,  of  courac,  j 
consistent,  also  assume  that  there  waa  a  motnel 


in  the  Ph^logeny  of  the  huma,n  minil  at  which  this  mind 
first  entered  the  vei-tebrate  boily  of  man.  Accordingly,  at 
the  time  when  the  human  body  developed  from  the  body 
of  the  Antliropoid  Ape  (thus,  probably,  in  the  latter  part  of 
the  Tertiary  Period),  a  specific  human  mind-element— or,  as  it 
is  usually  expressed,  a  "  divine  spark  " — must  have  suddenly 
entered  or  been  breathed  into  the  brain  of  the  Anthropoid 
Ape,  and  tliere  have  associated  itself  with  tho  oh-eady 
existing  Ape-mind.  I  need  not  point  out  the  theoretic 
difficulties  involved  in  this  conception.  I  will  only  remark 
that  even  this  "  divine  spark,"  by  which  the  mind  of  Maji 
is  Bud  to  be  distinguished  from  that  of  all  other  animals, 
must  itself  be  a  thing  capable  of  evolution,  and  has  actually 
developed  progressively  in  the  course  of  human  histoiy. 
This  "divine  spark"  is  usually  understood  to  be  "reason," 
and  is  asciibed  to  man  aa  a  mental  function  distinguishing 
him  from  all  "irrational  animals."  Comparative  Psycho- 
logy, however,  teaches  that  this  frontier-post  between  man 
and  boast  is  altogether  untenable."*  We  must  either  take 
the  idea  of  reason  in  its  broader  sense,  in  which  case  it 
belongs  to  the  higher  Mammals  (tho  Ape,  Dog,  Elephant, 
Horse),  as  much  as  to  the  majority  of  men ;  or  we  must 
conceive  it  in  its  narrower  sense,  and  then  it  is  lacking  in 
the  majority  of  men,  as  well  as  in  most  animals.  On  the 
whole,  that  which  Goethe's  Mcphistopheles  said  of  his  time, 
ia  true  of  Man's  reason  to-day  ; 

**  Ho  miglit  tiBTF  kppt  hinitoir  more  right 
Eftdst  Tliua  iiu'ac  iiliGirii  tci  Uim  a  gliiupse  ut  hMTso'i  light. 
Ha  calli  it  Qonaim,  hut  Tfann  n'oat 
Ila  DID  but  makes  Liro  beullier  Ihkn  tho  beuU" 

If,  therefore,  we  must  abandou  this  generally  preferred, 
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and,  in  many  respects,  verj  pleasant  dualiattc  tbeory  of  tha 
uiiad,  as  being  wholly  untenable,  because  irrecoucllable 
with  genetic  facts,  then  the  opposite  monistjc  view  alone 
remains  to  us,  according  to  which  the  human  mind,  like 
that  of  any  other  animal,  is  a  function  of  the  central  nervoas 
system,  with  which  it  has  developed  in  inseparable  con' 
nectioH.  Ontogenetically,  we  see  this  in  every  child ; 
phylogenetically,  we  must  asseii  it  in  accordance  with  the 
fundamental  law  of  Biogcny.  In  every  human  embrjo 
the  medullary  tube  develops  from  the  skin-sensory  layer, 
and  from  the  antenor  part  of  that  tube  the  five  biain- 
bladders  of  Skulled  Animals  (Craniota),  and  from  these 
the  mammalian  brain  (at  first  with  the  characteristics  of 
the  lower,  then  with  those  of  the  higher  Mammals). 
Just  as  this  entire  ontogenetic  process  is  but  a  short  repro 
duction,  occasioned  bj'  Heredity,  of  the  same  process  in  the 
Phylogeny  of  Vertebrates,  so  also  the  wonderful  mental 
activity  of  the  human  race  has  gradually  developed,  siey 
by  step,  in  the  course  of  many  thousands  of  years,  from  tlii 
less  perfect  mental  activity  of  the  lower  Vertobratca.  And 
the  evolution  of  the  mind  in  each  child  ia  only  a 
reproduction  of  that  long  phylogenetic  process. 

The  extraordinary  and  important  bearing  of  Anthro- 
pogeny  on  Philosophy,  in  the  light  of  the  fundamental  prin' 
ciple  of  Biogeny,  now  becomes  apparent.  The  speculativa 
philosophers  who  will  take  possession  of  the  facta  of  On- 
togeny and  explain  them  phylogenetically  (according  to  that 
law),  will  introduce  a  greater  advance  in  the  history  of 
Philosophy  than  has  been  made  by  the  greatest  thinkers 
all  previous  centuries.  Undoubtedly  every  dear  and  logical' 
thicker  must  draw  from  the  facts  of  Comparative  Anatomy 
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and  Ontogeny  which  have  been  brought  forward,  a  maea 
of  Biggestive  thoughts  and  reflections  which  cannot  fail 
of  their  effect  on  the  further  development  of  the  philo- 
sophical study  of  the  universe.  Neither  can  it  be  doubted 
that  these  facts,  if  properly  weighed,  and  judged  without  pre- 
judice, will  lead  to  the  decisive  victory  of  that  philosophical 
tendency,  which  we  distinguish,  briefly,  as  monistic  or 
mechanical,  in  distinction  from  the  dualistic  or  teleological, 
OQ  which  most  philosophical  Bystems  of  ancient,  mediieval, 
aiW  modern  times  are  based.  This  mechanical,  or  monistic 
philosophy,  asserts  that  everywhere  the  phenomena  of 
human  life;  as  well  as  those  of  external  nature,  are  undei 
the  control  of  fixed  and  unalterable  laws,  tliat  there  is 
everywhere  a  necessary  causal  connection  between  pheno- 
mena, and  that,  accordingly,  the  whole  knowable  universe 
Torms  one  undivided  whole,  a  "monon."  It  further  aasei-ts, 
tliat  all  phenomena  are  produced  by  mechanical  causes 
(causce  effidsntes),  not  by  pre-arranged,  purposive  causes 
{causes  f-naleB).  Hence  there  is  no  such  thing  as  "free- 
Trill  "  in  the  usual  sense.  On  the  contrary,  in  the  light  of 
(his  monistic  conception  of  nature,  even  those  phenomena 
4rhich  we  have  been  accustomed  to  regard  aa  most  free  and 
independent,  the  expressions  of  the  human  will,  appear  aa 
nibject  to  fixed  laws  as  any  other  natural  phenomenon 
Jndctid,  each  unprejudiced  and  searching  test  applied  to  the 
action  of  our  "  free-will "  shows  that  the  latter  is  never 
ytally  free,  but  is  always  determined  by  previous  causal 
eonditions.  which  are  eventually  referable  either  to  Heredity 
or  to  Adaptation.  Accordingly,  we  cannot  asRent  to  the 
popular  distinction  between  nature  and  spirit.  Spirit 
•xuits  everywhere  in  nature,  and  we  kuow  of  uo  spirit  out- 
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side  of  nature.     Hence,  also,  the  usual  distinction  bctwoes 
natural  science  and  mental  science  is  entirely  untenable 
Every  real  science  is  at  the  same  time  botli  a  natural  and 
mental  science.     Man  is  not  above  nature,  but  in  nature. 

The  opponents  of  the  doctrine  of  evolution  are  very  fooj 
of  branding  the  monistic  philosophy  grounded  upt^n  it  i 
"  materialism,"  by  confusing  philoaophical  materialism  wil 
the  wholly  dlflerent  and  censurable  •moral  materialisiil 
Strictly,  however,  our  "  monism  "  might,  as  accurately  or 
inaccurately,  be  called  spiritualism  as  materialism.  Tin 
real  materialistic  philosophy  asserts,  that  the  vital  phei 
mena  of  motion,  like  all  other  plicimmena  of  motion,  i 
effects  or  products  of  matter.  The  other,  opposite  extrei 
spiritualistic  philosophy,  asserts,  on  the  contrary,  tj 
matter  is  the  product  of  motive  force,  and  that  all  materia 
forms  are  produced  by  free  forces  entirely  independt^t  at 
the  matter  itself  Thu^t,  according  to  the  materlalistia 
conception  of  the  uuiveise,  matter,  or  substance,  preceda 
motion,  or  active  force.  According  to  the  spiritualistic  con- 
ception of  the  universe,  on  the  contrary,  active  force  « 
motion  precedes  matter.  Both  views  are  dualistic,  and  w» 
hold  them  both  to  be  equally  false.  A  contrast  to  ho& 
views  b  presented  in  the  maniatic  philosophy,  which  can  y 
little  believe  in  force  without  matter,  as  in  matter  without 
force.  It  is  only  necessary  to  reflect  on  this  for  a  tiin^ 
from  a  strictly  scienti&c  standpoint,  to  find  that  on  dolt 
examination  it  is  impossible  clearly  to  represent  the  one 
without  the  other.  As  Ooethe  says,  "  Matter  csn  newr 
exist  and  act  without  spirit;  neither  can  spuit  withcral 
matter."  " 

The  "spirit"  and  "mind"  of  man  are  but  forces  which 
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are  inseparably  connected  with  the  material  substance  of 
our  bodied.  Juat  as  the  motive  force  of  our  flesh  ia  involved 
in  the  mu-scular  form-element,  so  is  the  thinking  force  of 
our  spirit  involved  in  the  form-element  of  the  brain.  Our 
apiritual  foices  are  as  much  functions  of  this  part  of  the 
bo<ly,  as  every  force  is  a  function  of  a  material  body.  We 
know  of  no  matter  which  does  not  possess  force,  and,  con- 
versely, of  no  forces  that  are  not  connected  with  matter. 
When  the  forces  manifest  themselves  in  the  phenomena  of 
motion,  they  are  called  active  forces ;  if,  on  the  other  hand, 
the  forces  are  in  a  state  of  rest,  or  of  equilibrium,  they  are 
called  latent  forcea"*  This  is  as  true  of  inorganic  natural 
substances  as  of  organic.  The  magnet  attracting  iron- 
filings,  powder  exploding,  steam  driving  the  locomotive,  ai'e 
active  inorganic  substances;  they  work  by  active  force  just 
as  does  the  sensitive  mimosa,  when  it  folds  its  leaves  at  a 
touch, — as  does  the  Amphioxus,  when  it  buries  itself  in  the 
sand, — as  does  man,  when  he  thinks.  Only  in  these  latter 
cases  the  combination  of  the  different  forces,  appearing  as 
phenomena  of  motion,  are  much  more  complex  and  much 
less  easily  recognized  than  in  the  former  cases. 

Anthropogeny  has  led  us  to  the  conclusion  that  even  in 
the  entire  history  of  the  evolution  of  man,  in  the  history  of 
the  germ,  as  well  as  in  that  of  the  tribe,  no  other  active 
forces  have  been  at  work,  than  in  the  rest  of  organic  and 
inorganic  nature.  All  the  forces  at  work  there  can  bo 
reduced  at  last  to  groivth — to  that  fundamental  function  uf 
evolution  by  which  the  forms  of  inorganic,  as  welt  as  of 
organic  bodies,  originate.  Growth,  again,  itself  rests  on  th<> 
attraction  and  repulsion  of  like  and  unlike  particlL-s,""  It 
bw  ^ven  rise  to  Man  and  to  Ape,  to  Palm  and  Alga,  to 
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crystal  and  water.  Hence  the  evolution  of  man  has  taken 
place  according  to  the  same  "eternal,  immutable  laws* 
as  has  the  evolution  of  any  other  natural  body. 

It  is  true  that  the  prejudices  that  stand  in  the  way  of 
the  general  recognition  of  this  "  Natural  Anthrojwgeny " 
are  even  yet  intensely  powerful ;  otherwise  the  aucieat 
strife  between  the  various  philosophical  systems  would 
already  have  been  decided  in  favour  of  "  Monism."  But 
it  can  be  foreseen  with  certainty  that  a  more  genemj 
acquaintance  with  genetic  facta,  will  gradually  di-stri>y' 
those  prejudices  and  bnng  about  the  victory  of  the 
natural  idea  of  "Man's  Place  in  Nature."  The  fear  ia 
often  expressed  in  opposition  to  this  view  that  it  will  causo 
a  retrogresaion  in  the  intullectual  and  moral  development 
of  man;  but,  on  the  contrary,  I  cannot  withhold  my  convic- 
tion, that  the  very  reverse  will  be  true,  that  by  it  the  pro- 
gressive development  of  the  human  spirit  will  be  advanced 
in  an  unuLiual  degree.  At  all  events,  1  hope  and  trust  tliat 
I  have,  in  these  chapters,  afforded  convincing  proof  that 
the  only  way  to  attain  a  true  scientitic  knowledge  of  the 
liuman  organism,  ia  by  employing  the  method  which  we 
must  acknowledge  to  be  alone  correct  and  successful  in  tit 
study  of  organic  nature, — by  following  tho  course  of  tha 
History  of  Evolution.** 


NOTES. 


REMARKS  AND  REFERENCES  TO  LITERATURE. 


1  (vol.  i.  p.  2).  Anthropogenj  (Greek) -History  of  the  Evoln- 
Uon  of  Man;  from  Anthropos  {SyOpamo^) »  man,  and  genea  (ycvca) 
=  Evolution  hifltory.  There  is  no  especial  Greek  word  for  "  the 
history  of  evolution;"  in  its  place  is  used  either  ycvca  (—  de- 
scent), or  yovcia  (—  generation).  If  goneia  is  preferred  to 
genea,  the  word  must  be  written  Anthropogony.  The  word 
**  Anthropogony"  used  first  by  Josephas,  means,  however,  only 
'*  the  generation  of  man."  Genesis  (yckco-is)  means  '*  origination, 
or  evolution ;  "    therefore   Anthropogenesia  —  "  the  evolution  of 


man." 


2  (i.  3).  Embryo  (Greek)  -  germ  (Ififipvov).  Really  t6  ivrbs 
T^  yaoTpos  ppvov  (Eust.),  i.e.  the  unborn  germ  in  the  mother's 
body  (Latin  foetus,  or,  better,  fetus).  In  accordance  with  this 
original  sense,  the  term  embryo  should  only  be  applied  to  those 
young  organisms  which  are  still  enclosed  in  the  egg-coverings. 
(Of.  "  Generelle  Morphologic,"  vol.  ii.  p.  20.)  Inaccurately,  how- 
erer,  various  free-moving  young  forms  of  low  animals  (larvss) 
are  often  spoken  of  as  embryos.     Embryonic  life  ends  at  birth. 

3  (i.  5).  Embryology  (Greek)  =  Germ-science,  from  embryon 
(IfiPpvov)  "  germ,  and  logos  (Xoyos)  =  science.  Even  now  the 
whole  history  of  the  evolution  of  the  individual  is  erroneously 
called  "embryology."  For  corresponding  with  the  term 
"  embryo  "  (see  note  2),  by  "  embryology,"  or  "  embryogony," 
•bould  only  be  understood  *'  the  history  of  the  evolution  of  the 
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individaal  nitbin  the  egg-coreriiiga."  As  soon  as  the  or^^sniiua 
liiis  left  there,  it  ia  no  longer  a  real  "  embryo."  The  later  cbangca 
of  tbis  form  the  subject  of  the  science  of  Metsmorpboat^s,  cv 
Metamoriihahgy.  ' 

4  (i.  6).  Ontogeny  (Greek)  ••  " germ-bis tory,"  or  "the 
history  of  the  evolution  of  the  indiviJual;"  from  oiTa—inili 
vidaala,  and  gene*  (ytwi)  -  history  of  evolution.  (Cf.  nolo  1.) 
Ontogeny,  aa  the  "history  of  the  evolution  of  the  indlv-ijuul," 
unibraceB  both  Embryology  and  Metaraorphology  {note  3). — 
"Gonerelle  Morphologie,"  vol.  ii,  p.  SO. 

5  (i.  5).  Pbylogony  (Greek)  =  tribal  bifitory,  or  **  the  p»- 
loBoutologii;a1  bintory  of  evolution ;  "  from  phylon  (^vAoi')  <=tribc, 
and  gen ea  (yci'cu)  =  history  of  evolation.  The  pbylon  icicludm 
all  organisms  connected  by  bloud,  which  are  descended  from  A 
common  typical  parent-form.  Phylogeny  includes  PaltEontologr 
and  Genealogy.—"  Generelle  Morphologie,"  vol.  ii,  p.  305. 

6  (i.  6),  Biogeny  (Greek)  =  the  history  of  the  erolatioo  ot 
organisms  or  of  living  natural  bodies  in  the  widest  sense. 
(Genea  tu  bin.)     /3^s-!ife. 

7  (i.  6).  The  fundamental  law  of  Biogeny.  Cf.  my  "  General 
History  of  the  Evolution  of  0i^anism8"("  Generelle  Mnrphnlogie," 
18GG,  vol.  ii.)i  p-  300  (Essays  on  the  causal  conaection  of  biogcnetio 
and  phyletic  evolution) ;  also  the  "  Monograph  of  Chalk 
Sponges  "("ManograpbiederKftlksebwamme,"  1872,  vol.  1.  4711; 
also  my  "  Kntunil  History  of  Creation," 

8  (t  10),  Palingenesia  (Greek)  -  original  eTolntiin,  fniin 
palingcnosia  {vain.vya't'rla')  —  ucw-birth,  reuowitl  of  the  tornta 
course  of  evolation.  Therefore,  Palingeny  ••  inherited  hiskut 
(frum  jraXni  =  reproduced,  and  Y«'<o=history  of  evoliilion). 

9  (i.  10).  Kenogenoais  (Greek)  -  modiGed  evolation,  from 
kenos  (fcWt) ^ strange,  meaningless;  and  genea  (yata)~hisiorj 
of  evolution.  The  modifications  introduced  into  PaJingoii«siM 
by  Eenogcnesis  are  vitiations,  struDge,  roenningipss  additii>i»  to 
the  origioiil,  true  course  of  evolution.  Kenogeny  m  vitiaied 
history. 

10  (i.   12).    Latin  defiuitioii  of    the  fundfuoental    Uw    of 
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Bic^ny:  ''Ontogenesis  snmmoriam  vel  rccapitnlatio  est  phj- 
logeneseos,  tanto  integrlos,  quanto  hereditate  palingenesis  con- 
aerraiar,  tanio  minus  integrum,  qnanto  adaptatione  kenogenesis 
introdncitnr."  Gf.  my  *'  Aims  and  Methods  of  Recent  History 
of  Evolution  "  (*'  Ziele  nnd  Wege  der  Hentigen  Entwickelungs- 
gcschichte,"  p.  11.    Jena,  1876). 

11  (i.  17).  Meclianical  and  purposive  causes.  Meolianical 
natural  pliilosophy  assumes  that  throughout  nature,  in  organic 
as  well  as  in  inorganic  processes,  only  non-purposive,  mechanical, 
necessarily-working  causes  exist  {causm  efficientes,  mechanism, 
causality')  On  the  other  hand,  vitalistic  natural  philosophy 
asserta  that  the  latter  are  at  work  only  in  inorganic  processes, 
which  in  certain  other,  purposive,  special  causes  are  at  work, 
conscious  or  purposive  causes,  working  for  a  definite  end  {causoi 
finateSf  Vitalism^  Teleology).  (Of.  "  Oenerelle  Morphologic," 
Tol.  1.  p.  94.) 

12  (i.  17).  Monism  and  Dualism.  Unitary  philosophy,  or 
Monism,  is  neither  extremely  materialistic  nor  extremely  spirit- 
ualistic, but  resembles  rather  a  union  and  combination  of  these 
opposed  principles,  in  that  it  conceives  all  nature  as  one  whole 
and  nowhere  recognizes  any  but  mechanical  causes.  Binary 
philosophy,  on  the  other  hand,  or  Dualism,  regards  nature  and 
spirit,  matter  and  force,  inorganic  and  organic  nature  as  distinct. 
and  independent  existences.     (Of.  vol.  ii.  p.  456.) 

18  (i.  20).  Morphology  and  Physiology.  Morphology  (as 
the  science  of  forms)  and  Physiology  (as  the  science  of  the 
functions  of  organisms)  are  indeed  connected,  but  co-ordinnte 
sciences,  independent  of  each  other.  The  two  together  constitute 
Biology,  or  the  "  science  of  organisms."  Each  has  its  peculiar 
methods  and  aids.  (Cf.  "  Gcnerelle  Morphologic,*'  vol  i,  pp, 
17-21.) 

14  (i.  24).  Morphogeny  and  Phjsiogeny.  Biogeny,  or  the 
'•history  of  the  evolution  of  organisms,**  up  to  the  present  time 
haa  been  almost  exclusively  Morphogeny.  Just  as  tin's  first 
opens  the  way  to  a  true  knowledge  of  organic  forms,  so  will 
Physiogeny  afterwards  make  a  true  recognition  of   functions 


possible,  hj  diBCOvering  their  historic  evolab'on.  Its  fntn 
promiBeB  to  be  most  fraitfnl.  Cf.  "Aims  and  Methmlm  of  t 
Brcent  History  of  Evolution"  ("  Ziele  and  Wcge  der  Heatig 
KutwickelungngcBobichte,"  pp.  92-98.     Jona,  187G). 

lb   (i.  27).   Aristotle.     Five  books  on    the  generation  w 
evolutioD  of  animals  (irrpi  (<in0v  y«'nr<dt). 

16  (i.  28).  Part lienngpue sis.  Oa  "  virginal  ge^CTaL)□I^' 
or  the  "immaculate  concrpUon  "  of  loyertebrntcs,  especially  0 
Articntaied  Animals  {OriMlaeta,  Imecta,  etc.),  s 
"Remarks  on  Partbonogenesis  among  Arthropoda"  ("  Beitrlg 
»ur  Partbenogenesis  der  Arthropodcn."  Leipzig,  1871),  Gt>oi 
Seidlitz,  "PartbenogeneBiB  and  its  Relation  to  other  Forms  c 
Generation  in  the  Animal  Kingdom  "  ("  Die  ParLhenngcncsis  n 
ihr  Verbiittniss  zn  den  iibrigen  Zeugnngs-Arlen  im  Thiorreich.' 
Leipzig,  1872). 

17  (i.  34).  The  Preformation-theory.  This  theory  is,  i 
Gennnny,  oBaall/  called  "Evolutiona.theorie,"in  dialinction  froi 
the  "  Kpigenesis-tbeorie."  As,  however,  in  England,  France,  aa 
Italy,  the  latter  is,  on  the  contrary,  nsnally  called  the  thtvry  q 
evolutiou,  evolution  and  cpigenesis  being  used  as  synonyDi 
terms,  it  appears  bt'ttor  to  cull  the  former  "the  theory  of  pn 
formation."  Recently  Kollikur  has  called  bia  "theory  of  be(«n 
genoua  generation  "  "  Evolutionism  "  (note   47),     Cf. 


18  (i.  37).  Alfred  Kirchboff,  "Caspar  Friodrich  Wolff,  hi 
Life  and  Tcncbing  in  the  Science  of  Organic  Evolutiou."— 
"Jcnaiscbe  Zeitschrift  for  Ifaturwissenschaft,"  I6C8,  toL  if, 
p.  193. 

19  (i.  43).   Part  of  the  vmtings  left  by  Wolff  hare  not 
been  pobllahcd.     His  most  important  worke  are  the  di!«ertatiai 
for  the  degree  of  doctor,  Theorta  generatiimii  (175y),  and 
model  treatise  "  de  formatione  intealiuornm  "  (on  the 
of  the  intestinal  canal). — "  Nov.  Comment.  Acad.  Sc.  Petropol,' 
lii.    1768;    xiiL    irCS.     Translated    into    Qerman    by   Uockd 
Halle,  1812. 

20  (i.  51),  Christian  Pander,  "Bittoria  WMtamofyA. 


ovnta  tiicubatum  prioribiiB  qainque  diebns  Bobit."  Ticpbcrgi, 
1817.  (Dissertatio  inanguralis.)  "  Contribntions  toward  the 
history  of  t1io  evolution  of  the  chick  within  the  egg."  ("  Beitrage 
Entwiclcelungsgcschiohte  des  Hiibuciiena  im  Eie."  Wui-s- 
huTg,  181?.) 

21  (i.  62).  KtiH  Eroat  Baer,  "On  the  Evolution  of  Animals. 
Observations  ft  ad  Reflections  "  ("  Ueber  Entwickolungsgosohichte 
dor  Thiere.  Beobacbtung  nnd  Rc-flexion,"  2  vols.  Koaigsberg, 
1827-1837).  lu  aJdition  to  this  chief  work,  cf.  "  Story  of  the 
Life  and  Writings  of  Dr.  Karl  Ernst  Baer,  told  by  himself " 
(" Nachrichton  uber  Leb.'^o  uiid  Schriften  dcs  Dr.  Karl  Ernst 
Baer,  mitgetheilt  von  ilim  sclbat."     Petersburg,  1865). 

22  {i.  GO).  Alliert  Kolliker.  His  "History  of  the  Evolution  of 
Man  and  the  Higher  Animals  "  ("  Eiitwickclungsgeachichte  des 
Menachen  und  der  hohercii  Tbicre  ").  The  Snd  (correctod)  edition, 
1876,  contains  (pp.  28-40)  a  cntnlogne  of  ontogenetic  literature. 

the  newer  contribntions  to  this,  cf.  the  "  Jahreabericlite 
uber  die  Lcistnngen  cad  Fortschritte  der  Medlcin  *'  (Berlin),  by 
Virehow  and  Hirach  (the  "Hietorjof  Evolution,"  by  Waldeycr); 
bIso  the  "  Jnbrcaberiebtc  iiber  dio  Fortaehrltte  der  Anatomie  und 
PhyBiologie,"  by  Hofmannand  Scbwalbe  (Leipicig)  ;  the  "History 
ot  Evolution,"  by  R.  Hertwig  and  Nitsche.  Most  of  Kowolfv- 
eky'a  rcseflrchcs  arc  contained  in  the  "  Memoirs  de  t'Acaddmic 
imp>5rialo  de  St.  Petersburg  "  (from  the  year  18r,G).  Olhers  are 
pablishcd  in  Ma.s  SchuHxe's  "  Archiv  f&r  juikroskopiechfl 
Anfttomie,"  and  in  other  poriodioals. 

28  (i.  CO).  Theodor  Schwann,  '•  Microscopic  Rcscnrcbes  into 
the  Identity  in  Structure  and  Growth  of  Plnnts  and  Animals  " 
^*' Mikroakopische  Untersudinngen  iibor  die  UtbcreiriBtimmung 
In  dor  Stmctnr  nnd  Wachsthum  der' Tbicre  and  Pflanien." 
Berlin,  1839). 

24  ('•  60),  Ernst  Haecket,  the  GastriDa  Theory,  plijlogonetic 
sfaoEification  of  the  animal  kingilom  and  homology  of  the  germ* 
"  lyera. — "  Jenaiache  Zoitachrift  fiir  Naturwissonsehaft,"  toL  viii. 
I874v  pp.  1-56. 

'5  (i.  75).  Ernst  Haockcl,  "The  History  of  Cpwktinn." 
Umdon,  1676. 
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26  (i.  61).  Fritz  Schultze,  "  Kant  mni   Dartria."     A  t 

tribntion  to  tbe  history  of  the  science  of  evolntion.     Jma,  1871 

27  (i.  UI).  Immanncl  Kaut,  "  Critique  of  Teleologicnl   T 
Bou"  ("  Kritik  der  teleologischcn  Drtheilskraft "),  1700.     §7: 
and  §  79.     Cf.  also  my  "  History  of  Creation,"  Tol.  i.  p.  103. 

28  (i.  83).  JeaD  Lamarck,  "  Pbitosophie  ZiX)Ingiqiie,  1 
Exposition  dea  CoDsidGratian<i  relatives  k  I'histoire  naturello  ilg 
animaai,"  eto.  2  Tome8.  Paris,  1809.  Nouvelle  Edition,  revm 
et  pr^c^df  Q  d'uue  intraductioo  biographique  par  Charles  Kartini 
Paris,  1h;3. 

29  {i.  88).  Wolfgang  Goctlie  on  Morptology  (ear  Murpho 
logie).  The  formation  and  re-formation  of  organic  bodies. 
Ooethe's  morphological  studies,  cf.  Oscar  Schmidt  ("  Goethcl 
Terhaltnias  zu  den  orgnnischon  Nnturwissenschaftea." 
1853).  Rudolph  Yirchow,  "  Goclho  as  a  Naturalist"  (B«<rli^ 
1861).  HelmhoJtz,  "On  Goethe's  Natural  Scientific  Worka* 
(Brunswick,  1865). 

30  (i.  96).  Charles  Dnrwin.  His  chief  work  ia  "  On  ti» 
Origin  of  Species  by  means  of  Natural  Selection  "  (1850). 

31  (i.  99).  Dar«in  and  Wallnce.  The  geneml  outlint 
the  theory  of  selection  were  diacorered  independently  by  Darwb 
and  Wallii«e.  It  does  not,  however,  follow  that  the  service 
of  the  latter  in  furthering  the  science  of  evolntioo  are  at  a 
oomparahle  with  those  of  the  former.  As  many  opponenta  C 
Darwin,  especially  the  Englieh  Jesuit  Mivart,  have  recenU) 
endeavoured  to  exalt  Wallace  at  the  expense  of  Darwin,  and  U 
depreciate  the  latter,  I  take  this  opportunity  of  expressly  aBserl 
ing  that  Darwin's  services  are  very  fsr  the  greater. 

32  (i.  101).  Thomas  Huxley.  In  addition  to  the  wot! 
mentioned  in  the  text,  the  following  popnlnr  works  are  eapeciaO] 
to  be  recommended:  "On  Our  Knowledge  of  the  Canses  a 
Phenomena  in  Organic  Nature,"  and  the  "Eleaieutiuy  Pbj* 
8iology"(18n). 

33  (L  101).  Oustav  Jaeger,  "  Zoological  LotterB"("ZooIogiBclM 
Briefe."  Vienna,  187C),  and  the  "  Text-book  of  General  Zoology* 
("  Lchrbnch  der  Allgemcinen  Zoologiu."     Stnttgnrt,  1875). 


S4  (i.  101).  Friedrich  Rol!e,  "Man,  his  Descent  and  Morality 
rcprsBonted  in  ttie  light  of  the  Darwinian  Theorj',  and  on  the 
bnais  of  Recent  Geological  Discoveriea  "  ("  Der  Measch,  seine 
Abatammnng  and  Oeaittung  im  Liubte  der  D^nvia'scheQ  Lehre," 
etc.).     Frankfort,  18C6. 

35  (i.  102).  Ernst  Haeckd,  "Generelle  Morphologie  dar 
Organismen."  QeneraJ  oatliiies  of  the  science  of  organic  forniB, 
mechanically  shown  in  accordance  with  the  theory  of  descent  ns 
reformed  by  Charles  Darwin,  Vol.  i ,  "  General  Anatomy  ;  " 
ToL  il,  "  General  History  of  Evolution."     Berlin,  1866. 

36  (i.  103).  Charles  Darwin,  "The  Descent  of  Man,  and 
Selection  in  Relation  to  Sex."     2  vols.     London,  1871. 

37  {i.  108).  Karl  Qegenbanr,  "Outlines  of  Comparative 
Anatomy"  ("Grundziigo  dec  vergleicheoden  Anatomic."  Leipzig. 
2nd  cd.,  1870).  "Elements  of  Comparative  Anatomy  "  ("  Grundrisa 
der  vergleichendon  Anatomie."     3rd  (improved)  edition,  1874). 

88  (i.  114).  Migration-theory.  Morita  Wagner,  "  The  Dar- 
winian Theory  and  the  Law  of  Migration  of  Organisms  "  ("  Die 
Damin'sche  Theorie  und  daa  Mi^'rations-gesetz  der  Organ- 
ismen." Leipzig,  1868).  August  Woiamann,  "  Oq  the  Influenco 
of  laolatvoQ  in  the  Formation  of  Species  "  ("  Ueber  den  Einflnaa 
dor  iBolirang  aaf  die  Artenbidung."     Leipzig,  1871). 

39  (i.  116)-  CarnaSlerne,  "Evolution  aiid  Dissolution"  (■'Wcr. 
den  nnd  Vtrgelien").  A  popular  history  of  the  evolatioa  of 
imture  as  a  whole.  Berlin,  1876.  Agassie  a  "founder"  of 
natnral  science.     "  Gegouwart."     Berlin,  1876. 

40  (i-  117).  EroKt  Haeckel,  "The  Chalk-sponges"  ("Dig 
Kalkschwikmme ;  Caleispongion  oder  Grantien."  Berlin,  1872). 
A  monograph  and  an  attempted  solution  of  the  problem  of  tho 
prigin  of  aiwcius.  Vol.  i.,  "Biology  of  Cb.ilk-spongea ;  "  vol.  li,, 
"Classification  of  Chalk-spongoa;"  vol.  iii.,  "  Atlaa  of  Chalk- 
■pongee"  (with  60  plates). 

41  (i.  124).  On  the  IndiviJnality  of  Cells  and  recent  reforms 
fn  the  cell-theory,  of.  my  "  Individualitiitsiehrc,"  or  "  Teulologie  " 
("Generoll©  Morphologie,"  vol.  L  pp.  239-274).  Rudi.lt 
Virchow,  "  Cellnlar  Patliulvgie."     4tb  edition.     Berlin,  187L 
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42  (i.  130).  "The  Plastia-tbeory  »nd  the  Cell-tliBOTy."- 
"  Jcnaisclie  ZcitacbriEt  fiir  NaturwiasenBcliKft,"  1870,  rol.  t.  | 
492. 

43  (i.  138).  Gpgenbaur,  "  On  the  Structure  and  Evololion  q 
Vertebrate  Eggs  with  Partial  Yelk -cleavage." — "Arcliir  f.  Am 
n.  Pbya."  1861,  p.  491. 

44  (i.  153).  Ernst  Haeckel,  "On  Division  of  Labour  in  Natni 
and  Hiima.n  Life,"  in  the  collection  of  Lectures  b;  Virchoaf 
Holtaendorf,  1869.     Sect  78      Snd  edition. 

45  (i-  160).  Monogony  {^Qeneralio  neulraliij.  On  tiie  Tftrioi 
forms  of  aeexoal  reproduction  (Seliizogony,  Sporogony,  etc.),  c 
"G^nerelle  Morphologie,"  vol.  li.  pp.  3IJ-58. 

46  (i.  160).  Ampliigony  (Oe-neralio  terualiii).  On  the  T&riofl 
forms  of  sexnnl  reproduction  (Hcrmaplii-oditisiD,  OonoehorUfl 
etc.),  see  "  Gonerellc  Morpliologie,"  vol.  ii.  pp.  58-69. 

47  (u  168).  Fitful  evolution  and  gradual  evolution.  Th 
theory  of  fitful  evolution  Iiaa  recently  been  developed  ospeciall 
by  Kolliker,  who,  under  the  title  of  heterogenooua  generatioi 
opposes  it  to  gradual  evolution  as  maintained  by  us  ("Zeitschi 
f.  Wissens.  Zool.,"  vol.  xiv.  ISHi,  p.  181,  and  "  AlcyonariA."  187J 
pp.  384—416).  This  theory  is  distinguished  by  aesaming  eniiri 
unknown  causes  for  the  "  fitful  evolutiou  of  species,"  %  8o>ca 
"great  law  of  evolution"  (an  empty  word  indeed  1).  On  t 
contrary,  we  eee,  with  Darwin,  in  the  facta  of  Heredity  ai 
Adaptation  euffidcnt  known  (partly  inner,  partly 
physiological  causes,  which  eiptain  the  gradual  evolutjoa  a 
species  under  the  influence  of  the  stru^le  for  existence. 

48  (i.  170).  Lnniaculate  Conception  never  omura  in  thi 
vertebrate  tribe.  On  the  other  band,  parthcnogencsia  freqooDlI] 
occurs  among  Articulated  Animals  (ATOiropoda)  (note  16). 

49  (I.  171).  Fertilization  of  Flowers  by  insects. 
Darwin  on  "  The  various  cuntrivances  by  which  Bntish  an 
Foreign  Orchids  are  fertilized  by  Insects."  Hermainn  Uiillor  Oi 
"The  Fertilization  ot  Flowers  by  Insei-ta,  and  th»  correlatifl 
adaptations  of  both"  ("Die  Bofrnchtung  dep  Btamen  dnni 
Insocten  nud  die  gegonsoitigen  Atpassungen  Beider  ").     A  ecu 


tribntion   to   out  'know\edgo   of    cansal   ooniiRf^tion   in   organio 
nature.     Leipzig,  1873. 

50  (i.  178).  The  ProceHa  of  Fcrtilizntion  has  been  very 
Titriouely  viewed,  and  was  formerly  often  regarded  as  an 
eDtirclj  mjstcriouB  process,  or  even  as  a  supernatural  miracle. 

ow  appears  no  more  "  wonderful  or  supernatural  "  tbaji  the 
process  of  digeatioo,  of  muscolar  movcraeiit,  or  of  any  other 
phyBioIogical  fonction.  For  the  earlier  views,  cf.  Lenckart, 
Article  "  Zengung  "  (generation)  in  R.  Wagner's  "  Dictionary 
of  Physiology,"  1850. 

51  (i.  179).  Moneru!».     The  simple,  very  tranaient,  kertiel- 
i  condition,  which    we  briefly  call  the  "  moncmla,"  and,  in 

accordance  with  the  fundamental  law  of  Bingeny,  regard  aa  a 
palingenetic  reproduction  of  the  phylogcnetic  Monerun  parent- 
form,  appears  to  vary  to  some  estcnt  in  different  organianis, 
especially  in  the  matter  of  duration.  In  those  coses  in  which 
it  no  longer  occurs,  and  in  which  the  kernel  of  the  fertiliied 
egg  persists  wholly  or  partially,  we  may  regard  this  phenomenon 
a  lat«r,  kenogenctic  curtailment  of  Ontogeny. 

52  (i.  181).  The  Plosson  of  the  monemla  appears,  mor- 
phologically, a  bomogeneons  and  structarelesa  substance,  like 
that  of  the  Moneron.  This  is  not  contradicted  by  the  fact  that 
we  ascribe  a  very  complex  molecular  structure  to  the  plastidulos, 

'  **  plaason-molccnleE,"  of  the  moncrula ;  this  latter  will 
itnrally  be  more  complex  in  proportion  as  the  organism  wbicli 

it  ontogenetically  constitutes  is  higlier,  and  as  the  ancestral 
a  of  that  organism  is  longer,  in  proportion  as  the  preceding 

processes  of  Heredity  and  Adaptation  are  more  nnmerong. 

53  (i.  182).  The  Fundamental  Significance  of  tbo  Par*nt-cell, 
or  cytola,  as  tlic  foundation-stone  of  the  young  organism  in  the 
cotine  of  dpTolnpmont,  can  only  be  riglitly  appreciated,  if  the 
part  talcen  in  its  cont^titution  by  the  two  (venerating  cells  is 
lightly  appreciated,  tbe  part  taken  by  the  male  sperm-oell  and 
by  the  female  egg-cell. 

54  (i.  18:i).  The  One-celled  Ocrm-orgftnisra,  like  tbo  net  of 
(tirtilizalioD  from   which  it    reenlti,   haa  been   very   nrioiiily 
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riswed.  Cf.  on  Ibis  Bubiect,  in  addition  to  the  (our  importeai, 
works,  bore  quoted,  by  Aaerbacb,  Butscbli,  Hertwig,  and  Straa> 
burger,  tbe  most  recent  annals  of  the  pmgroEs  of  the  bietory  of 
evolution  (Waldejer  in  Virebow-llirecb'a  "  Jahrcsborichttu," 
Berlin;  Hertwig  in  Uofmanu-Scbwalbe'a  *' Jiihreaberichten," 
Leipzig). 

55  (i.  185).  ProtoBoa  and  Metazoa.  Cf.  toL  ».  p.  248;  ii  'J2. 
The  Protozoa  and  Metazoa  are  genetically  and  anatomically  so 
very  distinct,  tbat  tbe  former,  as  Protista,  may  eren  be  excluded 
entirely  from  the  animal  kiDgdom,  and  may  be  regitrded  as  •. 
nentrBil  intermediat«  kingdom  between  tbe  plant  and  ai 
kingdoms.—"  Generella  Mnrpbologie,"  vol  i.  pp.  191-230. 
cording  to  this  view  the  Metazoa  alono  are  really  animals. 

56  (L  186).  The  Unity  of  tbe  Zjogonctio  Conception,  r«9alt> 
ing  from  tbe  Oaatrica-tbeory,  bos  as  yet  not  been  destroyed  br 
the  anmerona  attacks  directed  agiiinst  tbat  theory :  for  none 
theso  attacks  have  sncceeded  in  substituting  anytliing  poaitive 
by  pore  negation  no  advance  can  be  made  in  this  d»rlc  ftai 
difiicnlt  subject. 

57  (i.  187).  The  Egg-cleavnge  and  GastrnUtion  of  Man, 
represented  diagram  matically  in  Figs.  12-17  of  Plate  IL,  is  mi 
probably  in  no  essential  way  different  from  tbat  of  tbe  Itablnti 
which  has  as  yet  heen  most  closely  examined  in  this  point. 

58  (i.  188).  Ernst  Hacckel,  "Arabian  Corals"  (- Ambi«-1 
Korallen").  "A  Journey  to  the  Coral  B.^nk^  of  the  Red  Sea,  ac 
a  Glimpse  into  tbe  Life  of  Coral  Animais.  A  popular  Icctur 
with  Ecicndlic  explanations."  Witb  5  coloured  Dlat«s,  and  S 
woodcuts.     Berlin,  1870. 

69  (i.  1811).  The  Number  of  the  Segmontella,  of 
colls,  increases,  in  the  original,  pure  forms  of  palingeoolio  e[ 
cleavage,  in  regular  geometi'io  progression.  Bat  tha  point 
wbich  tbis  proceeds  varies  in  tlie  various  archiblastio 
BO  that  the  Morula,  as  the  Snnl  result  of  tbe  clcnrage-pro 
consists  somctitnes  of  32,  somctimcB  of  64,  somelimcs  of 
cells,  and  so  on. 

60    (i.  189).    The  MulberTy.genn,  or  Uorala.     Tbt 
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menUlla,  or  cleavage-colla,  which  constilnte  the  Kfornla  at  the 
close  of  paliogenetio  eg^lcavtige,  generally  appear  eatirely 
fiimilar,  with  morphological  difference  in  itizB,  form,  or  con- 
fititalion.  Tiiia  does  not,  however,  hinder  the  fact  that  those 
cells  bave  separated,  even  daring  cleavage,  into  animal  and 
vegetable  cells,  bave  differentiated  physiologicallf ,  as  is  iudicatod 
in  Fi(*s.  2  and  3,  PIat«  II.,  as  probable. 

61  (i.  189).  Tiie  B!adder-germ  of  Archiblastio  AnimnlH 
(hlattula,  or  MantasphtKra),  which  is  now  commonly  knoivn  as 
the  germ- vehicle,  or,  more  accurately,  as  the  "  germ-meisbmno 
rpsicle,"  mnst  not  be  confused  with  the  essentially  different 
"  germ>vcsiele  "  of  amphiblnstic  mammals,  which  is  better  called 
the  "intestinal-germ  vesicle"  (iiattn'ei/*lii).  Tlie  giuitrocjstis 
and  tbo  blastula  arc  still  often  unKed  mider  the  name  of  "  gcrui- 
reside,  or  vcilcula  blastudermica."     Cf.  vol,  i.  p.  200. 

62  (i.  192).  The  DL-finilion  of  the  Gaslrnla  wna  first 
ntnbltsbcd  by  me  in  IS72,  in  my  "Monogrnph  of  Cbulk-spongea  " 
(vol.  i.  pp.  3ji3,  3+5,  4tjC).  There  I  already  gave  due  weight  to 
the  "extremely  great  signifit-anec  of  the  gaslrnla  in  reference 
to  the  general  I'liylogi-ny  of  the  animal  kingdom"  (p.  333). 
"  Tbo  fact  that  these  larval  forms  re-occur  iu  the  most  different 
amnials,  caneot,  I  think,  be  sulGcierilly  estimated,  and  beuni 
plain  witueDs  to  the  former  oommoa  descent  of  all  from  tbe 
OastrBa"  (p.  31.5). 

68  (i.  I'H).  The  Uniaxial  OuHino  of  the  Gaatrula  is,  on 
acconnt  of  the  two  different  poles  of  the  axis,  more  aconiAtely 
described  IU  a  diplopolic  uniaxial  form  (a  ateniocnetric  outline; 
conoid-form,  or  cone).  Cf.  my  "  Promorphology  "  ("  Gonerellu 
Horpbologiu,"  vol.  i.  p.  42G). 

64  (i.  194).  Primitive  Intestine  and  Primitive  Mouth.  My 
distinction  of  tbe  primitive  intestine  and  primitive  mouth 
(^protogantrr  und  prtitatloma)  from  tbe  later,  permanent  intcetino 
and  month  ^mctayrut^  and  vtelaetunia)  bns  bcvn  rarionsly 
attacked ;  it  is,  faowcvirr,  as  much  juBtLrit-d  as  tbo  distinction  of 
tb«  primitive  kidney  fmm  the  permanent  kidney,o[  the  primitive 
from  tlie  purmanrut  VL-rtcbro).     Tho  primitive  intestiiis 


470  SOTES. 

forma  bat  a  part  of  the  pcrmnnent  intestine,  and  tho  pnmitiva 
month  (at  least  in  the  higher  aaimaU)  does  not  become  tfaa 
peraianent  moath. 

G5  (i.  lOti).  Primitive  germ-layera  {hlaftophjUa).  A3  the 
two  primary  germ-lajera  (cntoiierma  and  exoderma)  on^'iDa]lj 
form  the  Bole  hiutogenetic  radimeat  of  the  whoI«  bodjr,  aod  u 
the  viBioderma,  the  nutritive  jell:,  and  all  otiier  acccssoij  |iarls 
of  tho  germ  havo  developed  only  Becoiidarity  from  the  tornier, 
1  conHider  it  very  important  to  distingoish  belweea  the  primarj 
and  Bccondary  germ -lay  era.  Tbe  latter,  to  distinguish  them 
from  the  former,  might  be  called  "after  germ-layen"  (Um- 
lelasma). 

66  (i.  201).  Unequal  Cleavage  and  Hood-gastniU  (Sty- 
menlalio  iniBqualie  et  Amphigastrula).  Next  to  Ampbibift  tba 
moat  acceasiblo  examples  for  observation  of  unequal  oleersge 
and  the  Amphigastrula  are  afforded  by  tho  indigeuons  Soft- 
bodied  Animals  (Mollusca)  and  Worms  (Snails  aod  MuSMtll^ 
Earth  Worms  and  Leeches). 

67  (i.  202).  The  Colour  of  Amphibian -eggs  is  occasioned  by 
the  accumulation  of  dark  colouring-matter  at  the  aTiimnl  pole  nE 
the  egg.  In  consequence  of  this  the  animal-eells  of  the  eiodiam 
appear  darker  than  the  vegetative  cells  of  the  cnttiiicrm. 
most  animals  the  reverse  is  tho  case;  the  protoplusm  of  tbe 
entoderm  cells  being  usually  darker  and  more  coareoty  gmnululcd 
(vol  i.  p.  197). 

68  (i.  207).  Hood-Rastrnla  of  Amphibia.  Cf.  Robert  neni«k, 
'■On  the  Evolution  of  Uuti-Jchia"  ("Uebtr  die  KulwickvlBng  der 
Batracbier,"  p.  120 ;  Plate  XII.  Figa.  3-7).  Siricker'a  "  Slaoiua 
of  TisBuea"  ("Handhacb  dor  Geweheleliro,"  toI.  ti.  p.  IWi- 
1202;  Figs.  399-402),  Goettc,  "History  of  tho  Evolnliim  at 
IlombinatoT"  ("EiitwickclungRgescbiobte  der  Dnke,"  p.  14&; 
Plate  II.  Figs.  32-35). 

69  (i.  214).  Hood-gastrals  of  Mammals.  EdoJUd  VKB 
Boneilen, "  Ia  mataration  dc  I'oenf,  la  fccondation  et  los  premium 
phases  du  d^veloppemcnt  embryonnaire  doa  Slammifercs,  d'apcd 
(lee  recherches  faith's  chez  le  lapiu."     Brussels,  1675.     No  ^ 


are  g^ven  with  these  "  Commanication  prf  llmiaaire ; "  Tun 
Boneden's  description  is,  however,  so  clear,  so  thoroagh  and  core- 
fal,  that  they  afford  aa  entirely  sutisfactorj  icisightinta  atieqiial 
egg-cleavaj^e  and  the  formation  of  the  Hood-gaatrola  in  Mnmmats. 
AH  other  observers,  wlio  have  studied  the  germination  of  Mam- 
malian tiggs  (among  the  most  recent  Ki31liker,  Baubcr,  and 
HewBon  may  bo  esp3ciany  mentiooed),  have  overlooked  or 
failed  to  recogaize  the  iraportant  features  discovered  by  Van 
Benedeo. 

?0  (i.  218).  Tbe  Disc-gaatrola  {DUeo-ga*irula)  of  Oseoons 
Fiahes  (TeUoaler).  Van  Bnmbeke,  "  Rechcrchea  Bur  I'embry- 
ologie  des  poissons  osseux."  Brussels,  1875.  The  tranapnrent 
Fish-eggs,  in  which  I  oWrved  discoid  cleavage  {Segmeiitatio 
diteoidalis)  and  the  formation  of  the  Disc-gostrula  by  iovaginstion, 
ftra  accurately  describ^nl  in  my  article  on  "TLo  Gaslriila  and 
Egg-cleavage  of  Animals  "  ("Jon.  Zt'itsclirift  (iir  Naturwis- 
■enaolmft."  1875,  vol.  iic.  p.  432^U;  Plates  IV.,  V.).  On  tho 
Disc-gastrula  of  Selacliii,  cf.  Balfour.  "Tbe  Development  of 
Elasmo  branch  Fishes." — "  Joum.  of  Anat.  and  Pbysiol.,"  vol.  t, 
p.  51?!PlatesXX.,XXlIl. 

71  (i.  221).  Yelk-cclla  of  Birds.  Tho  cell-like  constituent 
porta,  which  occur  in  gr.-at  number  and  variety  in  the  milritivo 
jrelk  of  Birds  and  Itcptitca,  as  in  most  Fishes,  are  notliing  less 
Chan  true  cella,  as  llis  and  othcra  have  asserted.     This  does  nut 

1  that  in  this  matter  a  distinct  limit  ererywhire  exists 
'between  the  nutritive  and  the  formative  yelks,  ns  in  our  oceanic 
Fisb-cgga  (Figs.  42,  43,  note  "0).  On  the  contrary,  originally 
(phylogenuticnlly)  the  natritive  yelk  originated  from  part  of  the 
emtoderm. 

72  (i.  223).  Egg-cells  of  Binls.  Notwithstnndtng  the  Inrgo 
Bctritive  yelk,  the  "  after-egg  "  (matorum)  of  Birds  and  Ueptilis 
b,  in  form-mlue,  a  single  oell.  The  very  small,  active  proloplaam 
of  tita  "  tread  "  does,  homever,  indeed  fall  far  short,  in  volume, 
of  tbe  huge  mass  of  the  yellow  yelk>hall.  The  bird's  e^-git  ars 
kliBolutely  tbe  largest  cells  of  the  animal  body.  Cf.  notu  -13,  and 
KJuud  van    Ocacdon,   "  Rechercbes  ■or  la  oompoaitiua  et  U 
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Bignification  do  I'eeuf."  Brussels,  1870.  Hnliert  Lnilwi^,  "0 
Egg-stractnre  in  the  Anim&l  Kingdom  "  ("  Ueber  die  Eibildnn 
in  Thierreiclie."     WurKbarg,  1874.). 

~S  (i,  226).  Discoidal  cleavage  (^Segmenlalw  dUeoidalit)  t 
Bird's  eggs.     Cf.   Kolliker,  "  History  of  the  Erolntioii  ol  Mu 
and  the  Higher  Auimak"  ("Entwickelnngsgeschichte  dea  I 
aehen  nnd  der  bijhercn  TLJere."    2nd  edition,  I87ti,  pp.  69-81 
Figa.  ie-2-2). 

74  (i.  22").  Disc-gnstnila  iDiseo-gadruIa)  of  Dirds. 
Rnaber,  "  On  the  Plate  of  the  Chick  in  the  System  of  Bvolti 
tion  "  ("  Ueber  die  Stellang  des  Hiihnchera  im  Entivickelnngll 
plan  ").  Leipzig,  1876.  Faster  and  Balfonr,  "  The  Elementa  s 
Embryology."     London,  1874. 

75  (i.  231).  Bladder-gnstrola  (Pen'gastrula)  of  Articnkld 
Animals  {ATlhropnda').  Cf.  Bobretzlcy,  "Russian  Ekesv  on  tl 
Germ-history  of  Astacos  and  Paliemon."  Eie^,  1873.  Aim  a 
own  article  on  the  gastrula  and  egg-clcavftgp. — "  Jen.  Zeitscbril 
fur  Naturwissenschaft."     Vol.  is.  pp.  444-452.  Plate  VL 

76  (i.  234).  The  Fonr-lsyer  Theory,  which  w«8  first  olwi^ 
stated  by  Baer  in  1837  ("  Entn  ickelangsgescliicht*  d<T  Thiere,' 
vol.  ii.  pp.  46,  68),  nnd  which  we  have  bero  carried  out  loginllj 
yet  appears  the  only  form  of  the  germ-layer  theory, 
on  comparative  observation  of  all  bigbcr  ttnimals,  snppliM  I 
nniversal  law  of  geraiiaation  for  all  and  at  the  same  time  n 
the  inconsistent  reputations  of  many  observers. 

77  (i.  239),  CaBpar  Friedrich  Wolff  first  indicated  the  J 
layer  Theory  (note  76).     Cf.  the  remarkable  sentence,  qnotcd  i 
vol.  i.  p.  45,  from  his  pregnant  work  on  the  formation  of  ll 
intestinal  cannl  (note  19). 

78  (i.  240).  The  Four  MaiD  Typos  of  Gaslrulntlon,  wbie 
are  dingrammntically  distinguished  in  Pj.itee  II.  and  lil^  wdj 
Tables  in.  and  IV.  (vol.  i.  pp.  241,  U-i),  are  of  course  connMli 
by  intermediate  forms.  These  are  transitions  both  between  ll 
primordial  and  the  unequal  forms,  and  between  the  primordial  H 
the  superficial  forms  ;  similarly,  the  unequal  form  of  egg^leani 
is  oonnected  by  twixt-forms  with  the  discoidal  forms,  wbiob  taU 
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IB  again,  pcrLaps,  conDcctod  in  tlie  same  way  witli  the  enperficial 
form. 

79  (i.  241).  The  Gaslrolatlon  of  the  vnrions  classes  of 
animals  has  been  far  too  little  BtuUieil  to  en^ihle  us  thorongbly 
to  snmmari/e  the  distribution  of  the  various  forma  withir  the 
separate  classos.  Yet  it  is  already  evident  that  primordial  i^g- 
cleavage  and  the  formation  of  the  Archigastrala  occur  in  the 
lowest  classes  of  each  tribe. 

80  (i.  243).  The  Rhythm  of  cjg-cleavoge  is  by  no  means  as 
regular  as  might  appear  from  the  four  6rst  esamples  In  the  five 
tables.  There  are,  on  the  contrary,  many  variations,  and  not 
infrequently  an  entirely  irregular  and  very  variable  sequence  of 
numbers  occurs  (especially  in  discoidcd  dtavnge). 

81  (i.  24C).  Definition  of  the  Typo,  Cf.  Oegeabaur. 
"  Elements  of  Comparative  Anatomy,"  1874,  p.  &9. 

82  (i.  24fi).  Typps  and  Phyla.  According  to  the  prevailing 
"Type-theory,"  tlie  types  of  the  animal  kingdom  are  paralkl. 
and  entirely  indi'pendent ;  according  to  my  "  Gastnea- theory," 
on  the  coiilrary,  thoy  are  divergent  tribes,  connected  at  the 
roota ;  according  to  the  view  of  Claus  and  other  opponents,  the 
latter  is  no  essential  dislinction. 

83  (i.  248).  The  one-celled  condition  of  Infoaoria  entirely 
forbids  their  morphological  comparison  with  Sletoiioa.  Cf.  my 
article  "On  the  Morphology  of  Infusoria"  ("Jen.  Zoitechrift 
fiir  Naturwiaxenscbaft "  1^73,  vol.  vii.  p,  516~5t!6). 

84  (i.  25").  The  aies  of  the  Vertebrate  outline.  Cf.  my 
"  Promorphology  "  (Slercomotiy  of  Orgauisms), — "  Getierello 
Morphologie,"  vol  i.  pp. -874r-574.  "Singly  do'uhlc-outlines  " 
(Dipleura),  p.  &1!>.  "  Dilute ral-symmotrical "  forma  in  the  fourth 
•ignification  of  the  word. 

85  (i.  255).  The  Primitive  Vertebrate  Typo,  aa  it  is  repro- 
Motcd  in  Figa,  52-56,  is  a  hypolbetic  disgram,  which  Is  principally 
founded  on  the  outline  of  the  Amphioxus,  but  in  which  the 
Comparative  Anatomy  of  Ascidia  and  Apin.<nOicalaria  on  the 
OD*  side,  of  Cyclostami  and  Scluchit  on  thu  other,  is  rognrdcil 
Tbia  diagmm  is  by  no  ucuns  muaul  to  bo  au  "  exact  ligurvi"  but 
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a  proiHsional  stage  in  the  hypotljotic  reconstmctton  tj4  tb« 
unknown,  long  extiact  pareat-form  of  Vertobrates,  an  "Arehi- 
type." 

86  (i.  2^8).  Only  very  uncertain  nsstuaptions  can  be  mada 
lis  to  the  senae-organa  oE  the  hypothetic  parent-form,  for  theiM 
organs,  more  than  any  others,  have  been  Bnbject  to  adaptAtionSi 
and  in  Ascidia,  as  in  the  Amphioxns,  fanve  probably  been  mnoh 
atrophied.  The  earliest  Vertebrates  probably  inherited  a  pair 
of  eyes  of  very  simple  character  aud  a  pair  of  dmple  «ar-Teside* 
from  Worms. 

87  (i.  2t]7).  The  primitive  kidneys  were  perhaps  already 
motameric  in  the  hypothetic  parent-form  of  VfrtebratM,  bo  that 
in  adilition  to  the  two  longitudinal  main  canals  (primitive 
kidney  dactn)  nnmerous  transverse  tubes  (segmental  canattt) 
were  connected  with  these  main  ea^al^<,  a  prtir  in  each  mctAmemn 
of  the  middle  part  of  the  body.  Perhaps  tliese  already  opened 
through  ciliatod  fnnnela  into  the  body-cavity  (j-jchma),  aa  is 
now  the  case  io  Annelids,  and,  according  to  Balfour,  in  the 
embryos  of  Sclachii.  Cf.  Balfour,  "  DcTelopmont  of  Elasmo- 
branch  Fishes." — "Quarterly  Jonrnal  of  Microscopical  Science." 
New  Series,  vol.  xiv.  p.  333 ;  "  Journal  of  Anat.  BJid  PbysioL" 

TOL  X. 

89  (i.  273).  The  germination  of  Primitive  Vertcbratea.  Cf. 
with  Table  VI.,  Table  VII.  (vol.  i.  p.  327),  Table  XI,  (p.  467); 
also  the  diagrammatic  figarea  in  Plates  IV.and  V.  with  explan^ 
tion(p.  321). 

89  (i.  276).  The  Germ-forms  of  the  earliest  Vertcbmles,  m 
they  are  represented  in  diag^mmatic  cross  aections  in  Fi^ 
62-60,  can  only,  of  coarse,  be  approximately  gneased,  and  with 
the  aid  of  Comparative  Anatomy  and  Ontogeny,  Tbew 
hypothetic  diagrams,  therefore,  by  no  means  claim  to  be  tM- 
oopted  dogmatically,  any  more  than  do  those  in  Figs.  52-A& 
(Cf.  note  85.) 

90  (i.  280).  Main  ineidents  in  Vertebrate  germinatina.  Of 
the  main  patingenetio  incidents  here  ennmcrntod,  pcriinp*  lh« 
•izth,    ninth,  nod    tenth    orij;iiial1y    occnrrt'd    in    a    nrj    dit 


terent  form.      The  otLer  Bevcn  now  appear  to  be  prutty  well 
establislied. 

91  (i.  285).  The  flat  germ-diac  of  Birds,  which  e 
the  opinion  of  moat  embrjologists,  represents  the  first  starting- 
point  in  tho  formntion  of  the  embryo,  and  to  nhtcb  all  other 
germ-forms  have  boon  referred,  is,  on  the  contrarj,  a  late  and 
mach  modified  germ-form,  which  has  arisen  in  conseqnei 
the  extension  of  the  gastrula  over  tbe  greatlj  enlarging  nntritivo 
jelk. 

92  (i.  280).  Site  of  Fertilization.  In  Man,  as  in  other 
M&mmals,  fertilization  of  the  eggs  probably  nenally  lakes  pluee 
in  the  oviduct :  bore,  the  e^gs  \vhii:b,  at  tbe  ruptnre  of  tbe 
Graafian  follioles,  bave  emerged  from  tbe  female  ovary  and 
passed  into  the  outer  opening  of  the  oviduct,  meet  with  tbe 
at'tive  sperm-cells  of  the  male  seed,  which,  during  copQialion, 
penetrated  into  the  nterns,  and  from  tbore  passed  into  tbe  inner 
opening  of  the  oTiiliict.  Rnrelj,  fertilization  occurs  even  on  tbe 
ovary,  or  not  till  within  tbe  ntorus.     (Cf.  Chapter  XXV.) 

93  (!.  29:!).  The  origin  of  the  mesoderm  in  Mamntala,  ns  in 
otber  animals,  is,  at  present,  among  tbo  most  obscure  and  con- 
tested points  of  Ontogeny.  Remak,  Balfour,  and  others  derive 
it  frum  the  entoderm,  Kolllker  and  others  fiMm  the  eioderm. 
Waldojor,  Uis,  and  others  assert  tbnt  both  primary  germ-lftjei-s 
take  part  In  the  formation  of  the  mesoderm.  Tbe  last  ossnmp- 
tion  i«,  I  bellovo,  correct.    (Cf.  notes  76,  77.) 

ii  (i.  297).  The  Germ-abield  {Nolagpi»).  The  ordinary 
Tiow,  that  the  genn-shield  (=  Remak's  "  Doppclachild  ")  ia  tbo 
earliest  rudimcut  of  tbo  actual  cmbryOj  rcenlta  in  many  erroneous 
eonoloiiona.  It  is,  therefore,  necessary  to  point  out  especially 
tliat  tbe  germ- shield  rcprosenta  tbe  fint  well-defined  central 
dorsal  part  of  the  embryo. 

95  (i.  317).  Body  Wall  and  Inlesliual  Wall.    Tbe  morpbo- 

lo^Cftl  distinction  between  the  body  wall  and  the  intestinal  wall, 

irtalnly  primordial,  is  probably  roforablo  to  tbo  simple  primary 

.gMUt-Inyera  of  the  Gnstro^A.     If  the  skin-Bbrous  layer  is  derived 

from  the  oxodcrm,  and    tbe    intestinal- fibrous  layer  from    the 


entoderm,  this  most  simpljr  eitp1n.iii9  the  progrcsfflre  dcTdopmcal 
of  this  liifiti action,  which  may  be  tmced  tbrougb  ttie  seriM  of 
Worms,  and  up  to  Veitebrates. 

6  (i.  320).  Palingenetic  and  Eenogenctic  genmontion.     In 

the  germ-history   of    Vertebrates   no  cloap  coDcoplian   of  tha 

cmbrjological  process  has  jet  been  attained,  because  all  aathon 

have  started   from  tha  liigher  Vertcbratea  (nsaally   from  tlw 

Chick)  and  hare  assumed  that  the  form  of  evolution  occaniiig 

in  this  case  is  original  and  typical.     It  ia  onlj  since  the  germ* 

bistorir  of  the  AmphioxDs  has  taught  qs  the  palingeutrUc,  really 

original  form  of  germination  of  Vertebrate  organisma,  that  wfl 

•  have  been  enabled,  hy  Comparative  Ontogenj-  (and  especialljr  hf 

Uthe  principles  of  the  Ga^tnea  theory),  rightly  to  anderstjuid  aaj 

explain  phylogenetieally  the  kenogenetic  forma  of  gcrminatioa 

'   of  higher  Vertebrates, 

97  (t.  321).  The  Diagmms  in  Plates  IV.  and  V.  are  as  amplfl 
and  abstract  as  possible,  in  order  to  render  the  desired  general^ 
explanation  aa  easy  as  possible, 

98  (i.  316).    Primitive   Vertebrffl  and    Slctamera.     For  th« 
right  conception  of  "  primitive  vertebral "  atrncturo  it  is  eape> 
cially  necessary  to  point  out  that  the   primitive  vertt^brw  an 
much  more  than  their  name  indicates.     They  must,  to  fact, 
conceived    as    iudividoal,   consecutive  sections    of    the  trutik, 
which  have  arisen  one  after  the  other,  as  true  "  nietainera,"  a 
conaecntive  pieces  ("Generclle  Morphologje,"   vol-  i.  p.  312] 
Each  primitive  vcrii-bra  of  a  Vertebrate,  like  each  trunk-Bcgmcnl 
or  metamcron  of   an  Annelid   or  Arthropod,  contains  all   tl 
essential,  morphological  constitaent  parts,  characteristic  of  tl 
corresponding  animal-tribe, 

99  (i.  349).  Origin  of  the  PrimitiTo  Vertebraj.  My  coiicp 
tion  of  these  as  individual,  inorjihologicnl  "consceotivo  pioece,' 
which,  like  the  metamera  o(  Cestods  and  Atincliils,  hare  ariM 
by  terminal  budding  from  a  single  unnrticulnted  piece,  baa  bet 
much  attacked.  1  therefore  emphatically  remark  that  I  onlj 
nnderstand  this  process  in  the  tvidest  sense.  In  both  casu  thu 
is  certainly  a  reprodnction  of  individual,  like  parta,  which  ha 
originat4-d  (in  time  and  spnco)  consecutiTcly. 
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100  (i.    361),    The  agreement  among   the  germ-forms    of 
Mammala  is  instmc^tive  espedallj  bccanae   it  shows  ns 

bow,  hy  divvTtiity  in  tbe  mode  of  evolution,  the  most  direree 
BtrDctares  can  or^g-inate  from  one  and  the  same  form.  As  wo 
actually  see  this  in  germ-forms,  we  may  bypotlieticaUy  assomo 
the  same  to  have  occurred  among  ti-ibe-forma.  Moreover, 
tliia  agreement  is  never  absolnte  identity,  bat  always  only 
the  very  greatest  Giniilarity.  Even  the  germs  of  the  varioua 
individuals  of  a  species  are  never  actnolly  identical. 

101  (i.  366),  The  law  ot  the  ontogenetic  connection  of 
i^^^matically  allied  animal-forms  has  many  apparent  exceptions. 

lese  are,  however,  fnlly  explained  by  the  ndnptatiun  of  the 
germ  to  kenogenetic  conditions  of  existence.  Where  the  palin- 
genetlo  form  of  evolution  of  the  germ  has  been  oocurately 
transmitted  by  heredity,  that  law  is  always  in  force.  Cf.  Fritz 
Miiller,  "Fur  Darwin  "  (note  111). 

102  (i.  SG").  Earliest  hnmon  germs.  Cf.  Kolliker,  "  History 
of  the  Evolution  of  Man  "  ("  Bntwickflungsgcschichto  des  Mcn- 
Bchon."  2nd  edition,  1876,  pp.  803-319).  Also  Ecker,  "Iconca 
physiologica)."  Leipaig,  1859.  Plates  XXV.-XXXl.  The 
earliest  human  gcrma  which  hare  yet  been  certainly  recognized, 
were  from  twelve  to  fourteen  days  old,  and  were  obeervcd  by 
Prof,  Allen  Thomson,  of  Glasgow.  No  opportunity  has  ever 
occnrrod  for  the  obBervation  of  earlier  germs. 

103  (i.  369),  Human  germs  nf  three  weeks  (twenty  to  twenty- 
one  days)  exhibit  in  their  whole  stracture  thatpliylogi'netic  singe 
of  evolution  which,  among  eitnnt  Vertebrates,  is  repruBentcd  by 
tho  Cyclostftmi  (Lamprt'js  and  Hags,  vol.  ii.  p.  103),  and  which 
tnnst  be  referable  to  extinct  Uonorbine  ancestors  of  similnr 
btrccturo. 

104  (i.  S"0),  Human  gorma  ot  fonr  weeks  (twenfy.aro  to 
thirty  days),  on  tho  whole,  exhibit  in  their  whole  structure  that 
pbylogenetic  stage  of  evolution,  which  is  exhibited  in  Sharks 
Uid  Rays,  among  extant  Vcrttbrotcs,  and  which  is  refemble  to 
timilar  extinct  Primitive  Fish  anccxtors  (Pmtelaehii).  Of  course 
thk  compitriBon  is  affected  by  variona  kenogenetic  moditicatiuiu 
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(both  liettTotopic  and  heterochronic),  jnat  aa  in    ihe    formeu 
(Cf.  note  108.) 

105  (i.  874).  The  noae  of  Nosed-apcs  ia  mach  more  diffnvni 
from  tLat  ol  other  Apes  tban  from  that  of  Man.  Uurcorer, 
evon  the  extreme  variety  and  variability  in  the  extirmal  fona 
of  the  hnman  tioee  shows  how  small  is  the  morphological  t 
of  this  organ.  80  importinnt  to  the  physiognomy. 

106  (i.  383).  The  bladder-like  form  of  the  hnman  A11anb>'n 
Ct.  W.  KrauBc,  "  On  the  Allantois  in  Man  "  ("  Uebcr  Hie  Allam 
tois  des  Meiischen." — "Archiv  fur  Anat.  n.  Phj-Biol,,"  1875,  p.  219^ 
Plate  VI.). 

107  (i.  400).  The  navel-cord  (fanieidM  vnthtVealU),  liln 
the  placenta,  is  an  organ  shared  by  Mnn  exclusively  with  1 
cental  Animals.  Cf.  Clinp.  XIS.  pp.  in5-168,  and  Pigs.  200.  20L 
On  the  more  minute  sfriictnre  of  this  organ,  and  on  the  special 
features  of  the  embryonic  blood- circulation,  cf.  Eoltilcer,  "  Ei» 
tory  of  the  Evolution  of  Man."     2nd  edition,  1876,  pp.  31£»-36a; 

108  (i.  401).  The  Kenogeny  of  Man.  In  pointing  out  tb 
phylogcnctic  significance  of  the  separate  incidents  and  periods  o 
human  germ-history,  and  in  explaining  them  by  reference  to  cor 
responding  processes  and  slagcs  in  the  tribal  history  of  our  anima 
ancestors,  we  must  alnays  bear  in  mind  that  in  Man,  as  in  alf 
higher  animals,  the  original  palingenetic  cause  of  germinalioB 
has  undergone  mutli  kenogenetic  modification  in  consequence  of 
many  adaptations  to  the  very  various  conditions  of  embryonit 
life,  that  it  has  thus  been  much  violated  and  contracted.  Th« 
higher  the  orgnnism  develops,  the  more  are  especially  th«eC 
earliest  stages  of  evolution  abbreviated. 

109  (i.  404).  The  sections  of  human  germ-histDry,  of  whiA 
only  fonr  larger  and  ten  smaller  are  mentioned  here  in  refcntncs 
to  tiiei7  phylogcnetic  significance,  allow  ef  much  more  diviaimt' 
if  their  comparative  Ontogeny  is  minutely  examined.  Thj| 
phylogcnetic  significance  may  also  be  very  well  explained  wilJ 
fitting  reference  to  kenogenetic  displacements  in  place  aod  tinv 
(vol.  i.  p.  13). 

110  (i.  405).  Fignres  of  human  embrjroa  in  ftll  stages  g 
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gerra-hiBtory  were  given  iu  very  beantifnl  det^I  by  M.  P.  Eidl 
thirty  years  ago :  "  The  Evolotion  of  Mnn,  and  of  the  Chick  in 
the  Egg"  {"Die  Entwickelnng  dea  Uenschen,  nnd  des  Htihnoliens 
im  Ei."     Leipzig,  1&16). 

111  (i.  403).  Frita  Miiller,  "  Fiir  Diirwin."  Leipzig,  1864. 
A  very  excellent  little  boolc,  in  which  the  modifitation  of  tbo 
fundamental  law  of  Biogeny  (with  reference  to  the  Phylogeny  of 
Crnatacea)  are  explained  for  the  firat  time. 

112  (i.  413).  The  Method  of  Phylogeny  ia  of  the  same 
morphological  value  as  the  well-known  method  of  Geology,  and 
may,  therefore,  claim  exactly  the  same  acientiSc  acceptation. 
Cf.  the  excellent  diacourae  by  Edaard  Straaburger,  "On  the 
Importance  of  Phylogenetic  Methods  in  the  Study  of  Living 
Beings." — "  Jcnaische  Zeitscbrift  fiir  Naturwissenschaft,"  1874. 
Tol.  viii.  p.  56. 

113  (i.  41&).  Johannes  Muller,  "  On  the  Stroctnre  and  Vilal 
Phenomena  of  Amphioxnt  laneealatus." — TraiisactionB  of  tbo 
Berlin  Academy,  1844. 

114  (i.  415).  Becent  worts  on  the  AmphioxoB.  W.  Ralph 
nnd  E.  Ray  Lankester  especially  have  ri'centty  added  to  our 
knowledge  of  the  organology  of  the  Ampbioxus,  Wilhelm  Miiiler 
Kid  P.  Langerbana  to  that  of  ila  histology.  The  litemturo  of 
this  subject  is  fully  represented  by  W.  Rolph,  in  hie  "Reaearcbes 
into  the  Structure  of  the  Amphioxns  "  ("  Untersucbuugon  iiber 
den  Ban  des  Amphioxns." — ''  Morpbolog.  Jabrb.,"  vol.  ii.  p,  87, 
Plates  V.  and  VII.),  and  in  P.  Langerbane,  "  On  the  Anatomy  of 
the  Amphioxns"  ("Znr  Anatomie  des  AmpbioxuB." — "Arobiv. 
for  Mikr.  Anat.."  vol.  lii.  p,  2!10,  Platea  XIL-XV.). 

115  (L  41l').  Acmnia  and  Cmniota.  The  separation  of 
Tertebiate«  into  Sknll-Iesa  Animals  (Acrania)  and  Sknllrd 
Auimals  (OraniMa),  which  1  first  indicated  in  1866  in  my 
"  Oenerello  Morpbologie,"  appears  to  me  absolutely  csseulial  for 
the  phylogenetic  explanation  of  the  Vertebrate- tribe, 

116  (i.  4-28).  Max  Schultze,  "  History  of  the  Evolution  of 
^tromyton  "  ("  Eutwickolnngsgescbichte  von  Tetromyton.''  Haar- 
bm,  1856).  Tbo  Ontogeny  of  the  Hags,  which  promises  very 
inportant  result",  is  yet,  unfortunately,  entirely  unknoivu. 
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117  (i.  430).  Sftvigny,  "USmoires  enr  les  Animanx  eaot 
Vei-t^brea."  Vol.  it,  ABcidiee,  1816.  Ginrd,  "  RechercbeB  sor 
leB  S^nascidiea." — "Archives  de  Zoolpgie  Eipfrimentale,"  vol.  i^ 
1872. 

118  {i.  435).  Syn-ascidia  and  Ectioodenns.    Th«  Corm-theoiy 
of  Bctinodorms,  wliich  I  explained  in  1866  ("Gpnorello  Uor^ 
phologie,"  vol.  ii.  p.  Ixiii),  and  which  haa  been  ninch  attacked 
"paradoxical,"  ia  as  yet  the  sole  theory  attempting  the  genetitf 
explanation  of  this  remarkable  group  of  animala. 

119  (i.  442).  Kowalevsky,  "  History  of  the  Evolution  of  tlM 
Amphioxus  and  of  Simple  Ascidiana"  ("Ifemoirea  de  I'Acad. 

S.  Peterabonrg."     7  Serie.     Tom.  x.  and  xi.     18(.>7-8). 

120  (i.  450).  The  melameric  structure  of  the  Amphioxu 
which  ia  indicated  in  its  nerve  and  muscle  ayatems,  Dndoabtedli 
shows  that  the  notochord  exists  in  TtTtebratea  previons  to  thedr 
mctameric  structure,  and  consequently  that  it  is  inherited  fron' 
unarticnlated  Chorda  Animals. 

121  (i.  454).  The  Metamorphosis  of  the  Amphioxus,  thnmj^ 
which  the  larva  passes  into  the  adult  form,  ia  not  yet  fuOy 
knovm  in  all  its  details.  This  does  not.  however,  affect 
■extraordinarily  important  bearing  of  the  thoroughly 
earliest  incidents  in  its  germination  on  the  paliogenesia  o 
hratea. 

122  (i.  455).  Fertilization  of  Ascidia  {PhaUwta  tiuimmiOala), 
Kdaard  Strasburger,  "  On  Oell-stmcture  and  Cell  •division,  wi| 
Ktudies  of  Fertilization."  2nd  edition.  Jena,  1876,  p. 
Plat«  VIIL 

123  (i.  462).  Eupff(T.  The  tribal  relation  of  Aaridia  U 
Vertebrates  ("Arcbiv  fiir  Uikroa.  Anat.,"  1870,  vol.  vi.  pn 
US-170).  Oscar  Hertwig,  "  Researches  into  the  Stmctnre  »ai 
Evolution  of  the  Cellulose  Mantles  of  Tunii-ata"  ("  Untena- 
chnngen  iiber  den  Ban  nnd  die  Entwickelung  des  Cellulose 
Mantels  der  Tnnicaten  ").  Richard  Hertwig,  "  Contribution  to 
ICtiowledge  of  Ascidiaa  Stroctura"  ("  Beitrage  cur  KcnntniH 
dos  Banea  der  Ascidiou." — "  Jenaisobe  Zeitachrift  ffir  Matai 
eenschaft,"  1873,  vol.  vii.). 
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124  (i.  464).  The  PUjlogenetlo  ImportRtioe  of  the  Ampbi- 
asna  cannot  be  too  highly  insisted  on.  Without  knowledge  of 
iU  Anatomy  and  Ontogi'ny,  the  origin  of  Yertebratea  woald  be 

lirelj  dnbions,  and  their  descent  from  Worms  would  appear 
incredible. 

125  (i.  46?).  The  Ontogenetio  Cell-pedigree,  aa  it  is  repre- 
ecntnd,  with  reference  to  the  Amphioxns,  in  Table  XL,  probably 
holds  good,  in  its  most  important  features,  for  all  Vertebrates, 
and,  therefore,  also  for  Man.  For,  more  than  any  other  form, 
the  AmpbioxuB  by  strict  Heredity  has  accurately  retained  its 
Palingeneaia,  This  bistogenetic  cell-pedigree  is  apparently  well 
established  as  regards  most  and  the  chief  features  ;  on  the  other 
hand,  it  yet  appears  doubtful  with  regard  to  the  origin  of  the 
primitive  kidneys,  the  testes,  and  ovaries. 

126  (ii.  4).    Milne-Ed  wards,    "Le^ona    snr    la    Physiologie 
nparee,"  vol.  ii. 

127  (ii.  6).  Eternity  of  Organic  Life.  According  to  the 
monistic  view,  oi^nic  life  is  a  further  form  of  evolution  of  the 
innrganio  word -pro  cesses,  and  bad  a  beginning  in  time  on  our 
plnncl.     In  opposition  to  this,  A.  Fechuer,  among  others,  in  his 

igbtfl  on  the  Creation  and  Evolution  of  Organisms,"  has 
stated  certnin  opposed  "  kosmorganic  plrtntasys  "  which  appear 
entirely  irreconcilable  with  the  onlogenelio  facts  given  here. 

128  (ii.  18).  Bemhard  Cotta  ("  Geologie  dcr  Gegenwart," 
1866;  4th  edition,  1874)  and  Karl  Zittt-l  ("Aus  der  Urzeit;" 
Miinchen,  1875,  2nd  edition)  have  made  some  excellent  remarks 

the  duration  and  the  whole  course  of  the  organic  history  of 
tba  world. 

129  (ii.  21).  August  Schleicher,  "The  Dwvrir.ian  Theory 
and  Philology"  (''Die  Darwin'sche  Theorie  und  die  Sjtiach- 
wiaaenscbaft."     Weimar,  1863.     2nd  edition,  1873). 

130  (ii.  25).  At  Grst  sight,  most  polyphyU-tio  hypotheaea 
appear  more  simple  and  easy  than  do  motiophyletic,  but  the 
former  always  present  more  difficulties  the  more  they  ore 
soaaidOTed. 

131  (ii.  2S).   Those  physiologists   who    desire  an    experi> 
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mental  proof  of  the  theory  of  descent,  merely  thereby  prorc  thi 
extraordinary  ignoi-ance  of  the  morphological  scientific  facts  i 
lating  to  this  matter. 

132  (ii.  30).  Spontaneona  generation. — "  Genwello  Moi 
pbologie,"  Tol.  i.  pp.  I(j7-190.  "Houera  and  Sponlnreons 
rotion." — "Jenaische  Zeitachrilt  fiir  Natnrwissonschaft,"  187] 
to!.  yL  pp.  37-42. 

133  (ii.  33).  The  Absence  of  Organs  in  Monem.  In  Bnyii 
that  Monera  are  "organiams  without  organs,"  we  Dnderatftnd  t 
definition  of  organs  in  a  morphological  sense.  In  ft  pbysiol(ig!< 
sense,  on  the  other  hand,  wo  may  CEtU  the  rarialile  plaswi 
processes  of  the  body  of  tbe  Moneron  the  "  pseudojiodia  "  orgai 

134  (ii.  36).  Induction  and  Dednction  in  Anthropogen] 
"  Gcnerelle  Morpbologie,"  vol.  i.  pp.  79-  88 ;  »ol.  n.  p.  42! 
"  Hiatoiy  of  Creation,"  vol.  ii.  p.  357, 

135  (ii.  42).  Animal    Ancestors  of    Man.     The  nnmber 
species  (or,  more  accnrotely,  forro-stages,  wUieb  nro  disUngniab 
as  "species")  must,  in  the  hnnifln  ancestral  line  (in  the  conrec 
many  millions  of  yenrs !),  Imve  amounted  to  many  thonaaadi 
the  number  of  genera  to  many  liundreds. 

136  (ii.  47).  Followir.g  Eisberg,  we  give  the  name  of  "plai 
tidulca"  to  the  "molecnlca  of  p'nason,"  to  the  Bniallest  like  pai^ 
of  that  albnminona  Babstnnce  which,  according  to  the  "  plastii 
theory,"  is  the  mat«rial  substratnm  of  all  the  active  phcnnmcii 
of  life.  Cf.  my  work  on  "The  Pcrigenesis  of  Plastidales' 
("Perigenesia  der  Plsstidnle  oder  Wellcnztiignng  dcp 
tbt^ilchen."  Berlin,  1876).  This  is  an  attempt  to  ezplsii 
mechanically  the  elementary  procesees  of  evolution. 

137  (ii.  49).  Snthybins  and  the  fi'ce  protoplasm  of  m> 
depths.  Cf.  my  "Studies  on  Monera  and  otbvr  Protisl 
Leipiig,  1870,  p.  66.  The  most  recent  observations  on  liv 
Bnthyhins  nro  those  of  Bt.  Emit  Bessel,  who  found  this  furin 
the  coast  of  Greenland  (in  Smith's  Sonnd),  at  ft  depth  of  ab 
550  ft.  He  noticed  very  active  amoeboid  movement*  in  tin 
as  well  as  the  assumption  of  foreign  particles  (carmine,  etc.] 
"  It  consists  of  nearly  pure  protoplasm,  tinged  moat  uil«nsely 
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ft  Bolntion  of  carmine  in  ammonia.  It  contains  fine  grttv  gi'anules 
of  considerable  refracting  power,  nud  bt-sidea  tiio  latter  a  great 
number  of  oleaginous  drops,  soluble  in  ether.  It  manLfesta  very 
marked  amceboid  motions, and  takes  up  particles  of  carmine,  etc." 
—Packard,  "  life  Histories  of  AnimalB,  including  Man."  New 
Tork,  18?6. 

138  (ii.  50).  The  PhilosopLic»I  Importance  of  Monpra  in 
explaining    the    most    obscure   biological   questions   cannot   be 

lufficiently  empliasizod.  Monograph  of  Monci'a. — "  Jcnaiscbe 
Zeitachrift  fur  Nntnrwissensobatt,"  vol.  iv.,  1868,  p,  04. 

139  (ii.  5i).  The  Nature  and  Signilicanco  of  tho  Egg-ceil  can 
only  be  pbibsophically  understood  by  means  of  pbj'logenetic 
examination. 

140  (ii.  58).  Sjjnamceba.  Cieulcowshi,  "On  tho  Strootnre 
and  Evolution  of  Labyrinthula"  ("Uber  den  Bau  nnddie  Eiitwic- 
Itelnng  der  Labyrinth uleeo." — Arch,  fiir  Mikrosk.  Anat.,  1870, 
vol.  iii.  p.  274).     Hertwig,  "  Microgroniia  Socialia."— Itii. 

141  (ii.  61),  Cutallacta,  a  new  Protista -group  (AfayospAiwa 
plaiiula).  See  "  Jenai^cbe  Zeil^chrift  fiir  Naturwissenschaft," 
vol.  vi.,  1871,  p.  1. 

142  (ii.  6(i).  Haliphysema  and  QastrophyBcma.  Exta:it 
Oastrsada.  See  "  JeiiaiacUe  Zeitachrift  fiir  Naturwiasenacliaft," 
vol  li..  1876,  p.  1,  Plates  I.-VI. 

143  (ii.  70).  The  five  firat  stages  in  the  evolution  of  the 
ftnimal  Iwdy,  which  are  compared  in  Table  XVII.,  and  which 
are  common  to  ttan  and  all  higher  Animals,  are  eatiibliahed 
Iwyond  all  doubt  as  existing  in  the  Ontogeny  of  most  extant 
ftninials.  As  Comparative  Anatomy  shows  that  correRponding 
form-stagcB  yet  eiiat  in  the  Hjstem  of  the  lower  animals,  we 
■may  oasume,  in  nccordunce  with  the  fun  Jaracntal  law  of  Biogcny. 
Ihat  similar  fonns  existed  phytogeneti cully  as  most  important 
ftnoeetral  formi. 

144  (ii.  77).  On  the  distinction  of  the  axes,  ami  on  the 
l^eometrio  outlino  of  the  animal  body,  ace  "  Promorjihologie" 
("Oenerclle  Morphologic,"  vol.  i,  pp.  374-574). 

145  (ii.  87).  The  hermiiphrodit«  strncture  of  oar  anceatnl 
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Bcries  was  perhaps  transmitted  from  the  Chords  Animals  eren  H 
faraa  the  lower  stages  of  Vertebrate  ancestors.  Cf.  Chapter  XXV, 

146  (ii.  89).  I  am  inclined  to  I'egard  the  AppendJi-uIaria  at 
living  Chorda  Animals  of  the  present  day;  they  are  tlie  only 
Invertubratea  permanently  possessing  a  notochord,  and  thns,  ai 
hy  many  other  peculiarities,  distinguished  from  genuine  1 

147  (U.  105).  Metamorphosis  of  Lampreys.  That  the  blini 
Amniacoetca  change  into  Petromyioa  was  knoiva  tiro  hundrad 
years  ago  (IGG6)  to  the  fisherman  Leoahard  Baldncr  of  Stra*~ 
bnt^;  bat  this  observation  remained  nnrero^Jied,  and  th» 
modification  was  first  discovered  by  Angnst  Miiller  in  185* 
("  Archiv  for  Anat.,"  1856,  p.  325).  Cf.  Sieholil,  "The  Fiwh. 
water  Fishes  of  Central  Europe"  ("Die  SiisswusserGsche  to* 
Mittel-Enropa,"  1863). 

148  (ii.  114).  Selachii  as  Primitive  Pishes.  The  old  dispntcA 
ns  to  the  systeniatic  position  and  kindred  of  Selnchii  were  fint 
definitely  settled  by  Gegenhanr,  in  the  inlroduction  to  his  classitsl 
work  on  "  The  Head-skeleton  of  Seliwihii." 

149  (ii.  118).  Gerard  KrelTt,  "  Description  of  a  Gigantic  Am. 
phib  an;  "and  Albert  Giinther,  "  Ceratodns,  and  its  Syst 
Position." — "Archiv  fijr  Natorgeschlchte,"  37,  1871,  voL  i.  jk 
321 ;  also  "  Pl.il.  Trans.,"  1871,  Part  II.  p.  511,  eto. 

150  (ii.  129).  The  dnmtion  of  metamorphosis  ot  Amphibift 
varies  macb  in  the  different  forms  of  Frogs  and  Toods,  the  whoto 
forming  a  complete  pbjlogenetic  series  from  the  original,  quits 
oompiete  form,  to  the  later,  much  shortened  and  vitiatul  heredity 
of  modification. 

151  (ii.   129).    "All    the  histological  ftalores  of   the  i 
Salamander  (Salamnndra  maculala)  force  the  impression  that  I 
belongs  to  an  entirely  different  epoch  of  terrestrial  life  tha 
of  the  Water  Salamander  (Trillon),  externally  so  similar." — Bobell 
Eemak  ("  Eotwickelnng  der  Wirbelthiere."  p.  117). 

152  (ii.  130).  Siredou  and  Amblystoma.     Very  v 
have  lately  been  expressed  as  to  the  phylogcnelic  signiGcanee  fa 
be  attributed  to  the  mnch-discuflsed  modification  of  the  UeiiQU 
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AzolotI  into  an  Amblyatotna.  Cf.  on  this  aabject  especiallj- 
Atignst  Weismann,  i*q  "  Zeitech.  fiir  wiasenst-h.  Zoologie,"  vol. 
XXV.,  Sup.,  pp,  297-334. 

153  (ii.  131).  The  Leaf-frog  of  Martiaiqad  (Hijlodes  mar- 
tinkensis)  loses  its  gilla  on  the  serenth  day,  ite  tail  and  yelk-sao 
on  iho  eighth  day  of  egg-life.  Ou  the  ninth  or  tenth  day  after 
fertilizatioD  the  complete  frog  emerges  from  tho  egg. — Bavay, 
"Snr  I'HjIodeB  Martinicensis  et  aoa  Mutamorphoses."  "Jooraal. 
de  Zool.  pm-  Orevais,"  vol.  ii.  1873,  p.  13. 

154  (ii.  133),  "  Homo  dilnvii  testis"  =  Andrias  Schench«eri. 
"  Sad  bone  of  an  anuient  evil-doer ;  Soften,  Btone,  the  heart  of 
the  new  children  of  evil"  (Diaconns  Miller).  Quenstodt. 
"  Formerly  and  Now  "  {"  Sanst  nnd  JeUt."  1856,  p.  239). 

155  (ii.  133).  The  Amnion-stniclure  of  the  three  higher 
Vertebrate- classes,  wanting  in  all  lower  Vcrteljrates,  has  no 
connection  with  the  simiiur,  but  independently  acquired  Amnion- 
Btmctnre  (analogous,  but  not  hnmologons)  of  higher  Articu- 
lated Animals  {Arthropod- 1). 

156  (iL  138).  The  former  existence  of  ft  Protamnion,  the 
common  parent-form  of  all  Amniota,  is  nndoubtcdly  shown  by 
the  Comparative  Anatomy  au'.i  Ontogeny  of  Reptiles,  BirUs,  and 
Hammals.  No  fossil  ren;ains  of  aueh  a  Protamnion  have,  bow- 
erer,  yet  been  discovered.  They  must  be  sooght  in  the  Pei  uian 
or  Carbon  if erons  formation. 

157  (ii.  147).  Tlie  former  oi^nisalion  of  tho  Proniammalia 
may  be  hypothetically  reconstructed  from  the  Conijiarative 
Anatomy  of  the  Salamander,  Lizards,  and  Beaked  Animals 
(^Oriiithorhynchut'). 

158  (ii,  153).  The  Didclphic  ancestors  of  Man  may  liavo  been 
externally  very  diilorcnt  from  all  known  Pouched  Animals  (Mar- 
ivpialia}.  but  possessed  all  the  essential  internal  uharactera  of 
Marsapinlia. 

159  (ii'  163).  The  phylogcnetic  of  tho  Semi-apen,  u  the 
primwal  placental  parent-group,  is  not  influenced  by  our  ignor- 
Mnne  of  any  fossil  Prosimiie,  for  it  is  uover  safe  to  ostimati 

I  pnleontnlugical  facts  as  negative,  but  only  as  pngillee. 


486  NOTES. 

160  (ii.  1C8).  On.  the  Btnictnre  of  the  Decidua  rery 
theories  have  been  given.  Of.  Kollikcr,  "Histciry  of  the  Evolutioi 
of  Man "  ("  Entwickelnngsgeschicbte  dca  Mensfhen."  2a 
edition,  1871 ,  pp.  313-3/6).  Eroolani  (Qiambiittist«).  "  Sal  pft 
cesso  formativo  dolla  placenta."  Bologna,  1870.  "Le  glatido] 
otricolari  del'ntero."  Bologna,  1868,  1873.  Huxley,  "Leclurt 
on  the  Elements  of  Comparative  Anatomy,"  1864,  pp,  101-112. 

IGl  (ii.  172).  Hnxky,  "  Anat^)my  of  Vertebrates,"  1873 
p.  382.  Previuaaly  Huxley  had  separated  the  "  Primates  "  inb 
seven  families  of  nearly  eqnal  syBtumatio  ralae.  (See  "Atau' 
Place,"  etc.,  p.  119.) 

1G2  (ii.  171)).  Darwin.  Sexual  selection  tn  Apes  and  Uaa^- 
"  Descent  of  Man,"  vol.  ii.  pp.  210-355. 

163  (ii.  ISO).  Man-like  Holy  Apes.  Of  all  Apex,  Rome  Hul; 
Apes  {SemncrpithecHs)  most  resemble  Jlan,  in  the  form  of  Ihw 
nose  and  the  character  of  their  hair  (both  that  on  the  hend  him 
that  on  the  beard).— Darwin,  "  Descent  of  Man,"  »ol.  L  p.  335  J 
vol.  ii.  p.  172. 

164  (ii.  182).  Friedncli  Uiiller  ("  Allgemi-ina  EttinogntpIiM 
Vienna,  1873,  p.  29),  on  the  supposed  age  of  man.     Fuiiiti«s  of 
languages  (pp.  5,  15,  etc.). 

165  (ii.  180).  The  plate  (XV.)  representing  the  migratioia^ 
given  in  the  "History  of  Creation,"  merely  claims  the  vatoe  of 
a  first  attempt,  is  an  hypothetio  sketch,  as  I  there  expressly  said, 
and  as,  in  conseqaence  of  repeated  attacks,  I  ranst  here  insi«i 

166  (ii.  yOl).  The  Leather- plate.  The  phjlogenetio  distinctiora 
of  a  special  Icathcr-plato,  the  outermost  lamella  separuting  from 
the  skin-fibrons  layer,  is  justified  by  Comparative  Anatomy, 

167  (iL  20 1).  Milb-glanils.  Hu.ss,  "Contributions  to  tha 
History  of  the  Evolution  of  the  Milk-gland»"  ("Bcitruge  mat 
Entwiekelungsgeschichte  der  Milchdriiscn  ")  ;  and  Gogunlwiir, 
"On  the  Milk-gland  Papillte"  ("  Jenni.sdio  Zt-itscbrift  fur 
Naturwissenschaft."  1873,  vol.  vij.  pp.  176,  204). 

168  (ii.  208).  On  the  hairy  covering  of  Man  and  Apea,  •»• 
Darwin,  "Descent  of  Man,"  vol.  i.  pp.  20,  107,   180;  wL 
pp.  280,  21>8,  335,  etc. 
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169  (iS.  217).  Dors/il  aide  and  ventral  sides  are  bomologoas 
in  Vertebnitea,  Artioalatcd  Animals  {ArlhrupoJa),  Soft-bodied 
Animals  (itoUusca),  and  Wofms,  bo  that  iLe  dorsal  tnorrow  and 
the  veutral  marrow  are  not  comparable.  Cf.  Qegeubaur,  "Uorph. 
Jalirbuch,"  vol.  i.  pp.  5,  6. 

170  (ii.  22ft).  The  unknown  ontogt^netio  origin  of  tbe  eym- 
pathotic  ncrvo-s^stem  must  probably,  for  pliylogonetio  runaons, 
bo  aouglit  cbicflj  in  tlie  intestinal  layer,  not  in  tho  akin-liiycr. 

171  {ii.  248).  On  tlio  cavities  connected  with  the  noae,  see 
Gcgenbttar,  "  Klemcnts  of  Comparative  Anatomy,"  p.  580. 

172  (ii.  260).  Tbe  analogies  in  the  germination  of  the  higher 
senee  organs  were  rightly  grasped  even  by  tbe  earlier  nalnml 
philosophers.  Tho  first  more  occnmte  sketches  of  the  very 
obaoure  germ-bistory  of  the  sense-organs,  especially  of  the  eye 
and  ear,  were  given  (1830)  by  Emil  Haschke,  of  Jena  (Isis, 
Meckel's  Archiv,  etc.). 

173  (ii,  255).  Hasse,  "  Anatomical  Studies"  ("  Anfltoralsche 
Studien  "),  obiefly  of  tho  organ  of  hearing.     Leipzig,  1873. 

174  (ii.  269).  Johannra  Bathkc,  "On  tbe  Oill-appnmtaa  and 
the  Tongne-bone "  ("  IJeber  den  Kiemen-sppixrat  nnd  dea 
Znngeubein,"  1832).  Gegenbaar,  "  On  tho  lioad-skeleton  of 
SeUcbii,"  1872.    (See  note  12-t.> 

176  (ii.  272).  On  the  Rudimentary  Kiir-shdl  of  Han,  cf. 
Darwin,  "Doacant  of  Man,"  vol.  ».  pp.  17-19. 

176  (ii.  276).  Scarccily  anywhere  does  Oompiiratiro  Anatomy 
prove  its  high  morphological  value  as  with  n-fcrcnco  to  the 
Hkuleton  of  Vortebratoa:  in  this  matter  it  accumptistics  umch 
more  than  Ontiigeny.  There  ia  all  the  more  reason  to  iusiet  on 
tliifl  here,  as  Goetto,  in  bis  gigantic  history  of  the  evolution  of 
Bombiuator,  baa  rcconlly  donicd  all  scientific  value  to  Oom- 
parutive  Anatomy,  and  aaeiTted  that  Uorp'itilojty  is  explained 
•olely  by  Outogcuy.  Cf.  tny  "  Aims  and  MelhuJs  of  the  Recent 
History  of  Evolution"  ("'/Aelo  nud  Wcge  dor  hcntigvn  Ent. 
wiokelungsgosuhiehle,"  1875,  pt  52.  etc). 

177  (ii.  283).  Tho  Homao  Tail,  liku  aU  other  rudimentary 
OFji&na,  is  very  variable  in  {Mint  of  aiae  aud  development.    In 


rare  cases  it  remaina  permanentlj-,  projecting  fnwly :  ■unallj'  i 
disappears  at  an  earlj'  piriod,  as  in  Anthropoid  Apes. 

178  (ii.  284).  On  the  Nomber  of  Vertebrffl  in  different  Mara 
malA,  cf.  Cuvier,  "Lefons  d'Anatomie  Cumpjir^e."  2iid  edilioa 
tomei,  1835,  p.  1?7. 

179  (ii.  293).  On  the  earlier  Sknll-theory  of  Goethe  and  Otcei 
cf.  Vircliow,  "  Goethe  aa  a  Natoralisl "  ("  Goetbe  ala  Natui 
forscher,"  18G1,  p.  103). 

180  (ii  295.).  Karl  Gegenb^ur,  "The  Head-sWEleton  i 
Selaohii "  ("  Das  Kopfskelet  der  Selachier").  As  the  fonndatia 
of  a  Btudj  of  the  head-skeleton  of  VerUibratea  {1 872), 

181  (ii.  301).  Karl  G-t-genbanr,  "  On  tlie  Arcliipteiygiom.' 
— "  Jenaisube  Zeitschrift  fiir  Naturwisaenscliaft,"  voh  til  187S 
p.  131. 

182  (ii.  804).  Gegenbanr,  "  Researches  into  the  Companttiv 
Anatomy  of  Vertebrates  "  ("  Untereuchnngen  znr  Verglt-icbei 
den  Anatomie  der  Wirbelthiere  ").     Part  I.  Carpus  and  Tanoi 
(1864).     Part  11.  The  shonlder  girdle  of  Vertebrates. 
tins  of  Fwhes  (1866). 

183  (ii.  305).  CbarlcB  Martins,  "Nonvelle  comparaiBoii  < 
menibrea   pclTiens    et  tboraciques  clicz    t'bomme  et   chez 
mam mif ores." — "  Memoires  de  t'Acad.  de  MoutpelUer,"  vol. 
1857. 

184  (iL  308).  Ossification.  Not  all  bones  of  the  human  bodj 
are  first  formed  of  cartilage.  Cf.  Gegenbanr.  "On  Primary  aai 
Secondary  Bone-forniatiou,  with  special  reference  to  the  ^ 
mordial  Sknll  Theory."— "  Jenaisch,  Zeitaehrift  fiir  Nntnr 
wissenschaft,"  1867,  vol.  iii.  p,  54. 

185  (ii.  308).  Johannes  Milller,  "  Com pnra tiro  AnalAmj-  u 
Myxinoides."— "  Trnnsnctiona  of  the  Berlin  Academy."  18S4-18« 

18U  (ii.  314).  The  Homology  of  the  Primitive  Tnlcstino  ■ 
the  two  primary  germ-lnyers  is  the  postulate  lor  morpholo^i^ 
comparison  of  the  various  Metazoa-tribes. 

187  (ii.  322).  In  the  Evolution  of  the  Intestine,  Amphibia 
Ganoids  have,  by  heredity,  retained  the  original  Cmninla-rpta 
moTQ  accurately  than  have  Sclachii  and  Osseons  Pishes  [T'.teBilft 
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The  paliTigenetic  germination  of  Sclacbii  had  been  much  altered 
by  kenogenetic  adaptationa. 

188  (ii.  3^3).  Oa  the  Homology  of  Scales  and  Teeth,  cf. 
Gegenbanr,  "Comparative  Anatomy"  ("  Grundrias  der  vergl. 
Anatomie,"  1874,  pp.  426,  582} ;  also  Oscar  Hertwig,  "  Joftaischo 
Zeitschrift  fur  Katurwissenscbaft,"  1874,  vol.  viii.  On  the 
important  distinctioo  of  homology  (morphological  reeemblaace) 
and  A.Da1ogy  (pbysiological  resemblance),  ece  Gegenbanr,  as 
above,  p.  63;  also  my  "Generelle  Morphologie,"  vol.  i.  p.  313. 

189  (ii.  337).  Wilhelm  Uullor,  "On  the  Hrpobranchial 
Groove  in  Tanicates,  and  ita  Presence  in  the  Ampbioma  and 
CycIoHtomi."' — "  Jenaiache  Zeitschrift  fiir  NatarwiBSonachaft," 
1873,  vol.  viii.  p.  327. 

190  (ii.  358).  The  Nerve-muaenlar  Cells  of  the  Hy.lra  throw 
the  earliest  light  on  the  simultimeotis,  pliylogeuetie  dilT'TCDtiation 
nf  nerve  and  muscle  tissne.  Cf .  "  Kleineoberg,  llydra."  Leipzig, 
1872. 

191  (ii.  353).  The  germ-hiatory  of  the  human  heart  accnmtoly 
reproduces  in  all  essential  points  ita  tribal  history.  This  palin- 
genetic  reproduction  ia,  howcrer,  much  contracted  in  particnlnr 
points  and  vitiated  by  kenogenetio  modificationa  of  the  original 
coarse  of  evolution,  displacements  partly  in  time,  partly  in  plftce, 
wbiob  are  the  result  of  erabryonio  adaptations. 

192  (ii.  383).  On  the  Special  Germ-history  of  the  Hnman 
ratcniar  system,  of.  KiilHker,  "History  of  the  Evolution  of  Man  " 
("Kntwickehingsgesi-hicbte  di?s  Monsobcn,"  2iid  edition,  1876) ; 
also  Ratliko's  excellent  work  on  Ontogeny. 

103  (it.  387).  The  Homologies  of  the  PHmltive  Organs,  as 
Ihey  are  htro  provisionally  described  in  accordaneo  with  tho 
G*8tra«>theopy  (note  •2i),  can  only  bo  estAblinhed  by  further  co- 
opemiion  between  Comjiarative  Anatomy  and  Ontogeny.  Cf, 
Oegenbnur  on  Comparative  Anatomy  ("  Grundrias  der  Ter^lei- 
ubendun  Anutomie  "). 

IM  (ii.  390).  The  Mechanism  of  Reproduction.  As  the 
functions  of  reproduction  and  of  hercidity,  connected  with  re- 
production, are  refcntblo  to  growth,  so  the  former  as  well  as  the 
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latter  are  finally  explicable  as  the  results  of  tbe  attraction  and 
rejection  of  homogeneous  and  heterogeneons  particles. 

195  (ii.  397).  Edaard  van  Beneden,  '^  Da  la  Distinction  origi* 
nolle  da  Testicnle  et  de  TOvaire."     Brussels,  1874. 

196  (iL  399).  On  the  Original  Hermaplirodite  Stmctnre  of 
Vertebrates,  cf.  Waldeyer,  "Ovary  and  Egg"  ("Eierstock  nnd 
Ei,"  1872,  p.  152)  ;  also  Gegenbanr  ("  Grundriss  der  vergleicben- 
den  Anatomic,"  1874,  p.  615).  On  the  origin  of  the  eggs  from  the 
ovary-epitheliam,  cf.  Pfliiger,  **  On  the  Ovaries  of  Mammals  and 
Man**  (''Die  Eierstocke  der  Saugethiere  nnd  des  Menschen,'* 
1863). 

197  (ii.  423).  On  the  special  germ-history  of  the  urinary  and 
sexual  organs,  cf.  Kolliker,  "  History  of  the  Evolution  of  Man.** 
On  the  homologies  of  these  organs,  see  Oogenbaur  ('*  Gbundriss 
der  vergleichenden  Anatomic,"  1874,  pp.  610-628). 

198  (ii.  44}3).  Wilhelm  Wundt,  "Lectures  on  the  Human  and 
Animal  Mind"  (" Vorlesungen  ubor  die  Menschen-  nnd  Thier- 
seele."  1863).  W.  Wundt,  "Outlines  of  Physiological  Psy- 
chology"  ("Grundziige  der  Physiologishen  Psychologic,"  1874). 

199  (iL  457).  On  Active  (actual)  and  Latent  (preteritial) 
forces,  cf.  Hermann  Helmholtz,  "  Interoperation  of  Natural 
Forces  "  ("  Wechselwirkung  der  Naturkrafto,"  Part  IL,  1871). 

200  (ii.  457).  "Anthropology  as  Part  of  Zoology."—"  Genercllc 
Morphologie,"  vol.  ii.  p.  432,  "Hiptory  of  Creation,**  voL  i.  7j 
vol.  ii.  847. 
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A.CAISPH£,  ii.  73, 93 

Acoslomi,  ii.  75,  92 

Acorn-worms,  ii.  86 

Acrania,  i.  116 ;  ii.  97 

Adam's  apple,  ii.  836 

Adaptatiou,  i.  158 

After-birth,  i.  400 

Afl^assiz,  thoughts  on  crention,  i.  116 

Air-fcube  (trachea),  ii.  330,  333 

Alali,  ii.  182 

Allantois,  i.  380;  ii.  135»  411 

Allurial  ()eriud,  ii.  12 

Aviaata,  ii.  146,  204 

Amnion,  i.  314,  386 

animals,  ii.  120,  13d 

sheaths  of,  i.  387 

water,  i.  314 

Amniota,  ii.  120,  133 
Amoeba,  i.  142 ;  ii.  152 

false  feet  of,  i.  142 

Amoeboid  egg-cells,  i.  144;  ii.  59 
movements,  i.  142;  ii.  C3 


states,  ii.  56 


Amphibia,  ii.  120,  122 
Amphigastrula,  i.  208;  241 
Amphigoniaf  i.  160 
Amphioxns,  i.  413;  ii.  98 

blastula  of,  i.  4*9 

body-form  of,  i.  417 

cells  of,  their  pedigree, 

i.467 

chorda  of.  i.  417 

distribution  of,  L  415 

gantrala  of,  i.  414 

gnrra.lajrem  o£»  i.  447 


Amphiozus,  medullarj  tube  of,  L  418 

• —  place     of,    in     natural 

system,  i.  416 

seziial  organs  of,  i.  423 

side  canals  of,  i.  423 

Biguificauoe  o^    L   254^ 

427 
AmphirhinOf  ii.  97,  101 
Analogy,  ii.  412 
Anamnia,  ii.  97,  120 
Ancestral  series  of  man,  ii.  44,  184 
Animal  enlists,  i.  37 
Animal  germ-layer,  i.  194^  327 

organs,  ii.  192, 194 

Anorgana,  i.  156f  ii.  SO 

Anthropocentrio  conception,  ii.  437 

Anthropoids,  ii.  177, 189 

Anthropolithio  epoch,  ii.  11,  16 

Anthropoaoio  periods,  ii.  12,  17 

Antimera,  i.  257 

Anns,  i.  339  ;    i.  823,  345 

Anus-groove,  i.  839 

Anvil  {Ineu9  of  ear),  it  261,  208 

Ape-men,  ii.  44,  181 

Apes,  ii.  165,  189 

eastern,  ii.  172, 189 

flat-nosed,  ii.  172, 180 

narrow-nosed,  iL  172,  188 

qnestion  as  to  descent  of,  Ii 

165,  441 

tailed,  ii.  172, 189 

western,  ii.  172, 188 

Aorta,  i.  265 ;  ii.  878 

roots  of,  ii.  875 

^— -  stem  of,  ii.  375 
Aortal  arches,  ii.  875,  878 
Appendieularia,  i,  458 ;  ii.  80 
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P               Arch.l.lhio  epoch,  i..  9,  19 

'                    Arthipterygiim,  H.  301 

B*«ii,  K*»L  KasTT,  i.  50 

bia  genn-laycT  thooiy, !.  81 

hia  law,  i.  68 

L                opaca.  u  296 

life  of.  i  63 

I                [.eiUrida.  i  !9S 

■               ArlHtutle,  i.  27;  ii.  368 

ii.C2 

■ apigonetU,  i.  29 

ot.  Iho  human  egg.  i  56;  ii. 

■                  henrt  formation,  ii.  368 

F                luB  history   ot   evolntion. 

on  tbe  notoohord,  i.  K 

1                                 i.27 

on  type  theory.  L  H 

Arm,  lower,  ii.  278,  304 

UaJanogloisut,  ii.  65 

Bppcr,  ii.  278,  304 

Bathybina,  ii.  49 

1                  jtrteria  omphoIo-nKsmlwita,  i.  835 

Bntraohis,  ii.  131 

untbilicalet,  i.  400 

Bata,  ii.  169,  187 

iw(«fc™l<.,i.  395 

BcsVed  animala,  ii,  147,  t87 

Vitetlina,  I.  S95 

Bell-iiBBtmla,  i.  198 

Arlerioe,  i.  893 

Bilalerol  ootline.  i  257 1  ii.  74 

Arterj.archsB,  ii.  377 

Bimana,  ii.  169 

stalk,  iL  380 

Biogeny,  i.  24j  ii.  494 

ATlhropoda.  ii.  92,  94 

ArticulfttBd  animalB,  ii.  02,  94 

21;  i>.  434 

Ank-nlation  in  toan,  i.  34ti 

Birda,  ii.  120.  138 

Ascidia,  i.  429;  ii.  90 

palnila  of,  i.  S23 

ifnjrula  of,  L  4BS 

BiarhofT,  Wilhdm,  i.  69 

chorda  of,  i.  4&6 

Binclaer-gMlruIft,  L  229.  Ml 

CommnnitieB  of,  i,  455 

lllatiaa.  ii.  31 

gnitniJa  of,  i,  453 

gill-BM  of,  i.  431 

heart  of,  L  4»3 

homologiss  of,  i.  465,  4fi6 

B1tti.U.(!:otiy,  i.  24 

intestioe  of,  i.  433 

BltsUphylUi,  i.  I9fi 

mantle  of,  i.  430,  4fil 

Blaitogpfuira.  L  191 

mednlhuy  tnbe  of,  i.  458 

Miual  organa  of ,  L  434 

Bfc..(«Za.i.  191.243 

tail  of,  i.  456 

Asnila,  ii.  68 

Atrium,  ii.  371,  381 

S66 

Auditory  nerve,  ii.  2B2 

organ,  ii.  260 

TMaela,  ii.  270 

paaNige,  ii.  269 

Bloodleaa  •rorma,  ii.  7» 

TBricles.  ii.  262 

Bonnet,  i.  40 

Anrioolar  procesaeB  ot  Ueart.  ii.  381 

Brain,  1.212,232 

Am*  ot  the  body.  i.  2B5  ;  ».  77 

bladdora  of.  >.  84S ,  U.  U4 

Aiial  cord,  i.  301 

parta  of,  ii.  2!» 

ekall  of,  ii.  iSa 

aVelcloD,  ii.  280,  299 

Brc»at.body,  ii.  28S 

Aiis-platfl,  i.  298 

bone,  ii.  282 

AxoloU,  a  126 

ca»itr,  t.  201 

INDEX. 
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Budding  (gemmation),  ii.  391 
BuUms  arteriosus^  ii.  874 
Bulhus  ocuU,  ii.  250 


CiCNOLITHIC   IPOCH,  ii.  11,  16 

CeenoBoio  period,  ii.  15, 19 
Calf  .bone,  ii.  278,  804 
Cambrian  period,  ii.  9,  19 
Canalis  auriculariSt  ii.  881 
Carboniferrms  period,  ii.  10|  19 
Cardinal  yeins,  i.  391 
Carpus,  ii.  278 
Caiarhinm,  ii  176, 189 
Catastrophes,  theorj  of,  i.  76 
CausoB  ^ffidenUs,  i.  16,  80 ;  ii.  456 

finales,  i.  16,  80 ;  ii.  41)5 

Cavwn  fympani,  ii.  261,  270 
Cell-division,  i.  124 

kernel  (nucleus),  L  126 

state,  i.  121 

snbstanoe,  i.  126 

Cells,  i.  125 

female,  i.  171 ;  ii.  892 

male,  i.  171 ;  ii.  892 

theory  of,  i.  60,  121 

Central  heart,  ii.  120 

medulla,  ii.  210,  232 

nenre-system,  ii.  210 

skeleton,  ii.  280,  299 

"  Centre  of  sight,"  ii.  252 
Ceratodus  Fosteri,  ii.  119 
Cerebtllum,  ii.  212,  232 
Cerebrum,  ii.  212,  282 
Cetacea,  iL  187 
Cetomorphii,  ii.  160, 187 
Chalk  period,  ii.  14,  19 
Chalk-sponges,  i.  117 
Chick,  importHnoe  of,  L  31 
Chimpanzee,  ii.  178,  180 
Chorda  animals,  ii.  84,  87 

dorsaliSy  i.  255,  801 

sheath,  ii.  286 

tissue  of,  ii.  286 

vertebralis,  i.  255,  801 

Chordonia,  i.  84,  87 
Chorioidea,  ii.  252,  258 
Cliorion,  i.  887;  ii.  158 

froTidosum,  ii.  160 

— ^—  Ueve,  ii.  160 


Chorion,  smooth,  ii.  160 

tufted,  ii.  160 

Chorology,  u  US 
Chyle  ressels,  ii.  874 
Cicatricula,  i.  188 
Circulation  in  Amphiozus,  l.  428 

Ascidia,  i,  483 

Fishes,  ii.  875 

g^rm-area,  i.  897 

Mammals,  ii.  378 

Clavicnla,  ii.  278,  804 
Cleavage  cells,  L  185 

forms  of,  i.  242 

of  egg,  i.  185,  241 

partial,  of  bird's  egg,  i.  224 

rhythm,  i.  243 

superficial,  i.  200,  241 

unequal,  i.  200,  241 

Clitoris,  ii.  428,  481 

Cloaca,  ii.  145,  418 

Cloacal  animals,  ii.  145, 187 

Coalescence,  i.  164 

Coal  period,  ii.  11,  19 

Coccya,  ii.  282 

Cochlea,  ii.  268,  268 

CcBlenterata,  ii.  78 

Cceloma,  i.  260 ;  ii.  76 

Calomati,  ii.  75,  92 

Columna  verUbralis,  i.  849  ;  ii.  286 

Comparative  Anatomy,  L  107}  245 

Concrescence,  i.  164 

Conjunctiv<i,  ii.  259 

Connective  membrane  of  eye,  ii.  261 

tissue,  ii.  868 

ConnecHvum,  ii.  861,  866 
Convolutions  of  brain,  ii.  226 
Copulation  organs,  iL  421 
Copulativa,  iL  421 
Coracoideum,  ii.  278,  304 
Corium,  ii.  200,  232 
Cormogeny,  L  24 
Cormophyly,  i.  24 
Cornea,  ii.  251,  258 
CostoB,  ii.  278,  282 
Covering  tissue,  ii.  861 
Craniota,  ii.  100, 120 
Cranium,  ii.  291 
Creation,  i.  74,  79 ;  ii.  183 
Crooked  intestine,  ii.  819,  830 
Croas.vertebrsB,  ii.  282 
Crystalline  lens,  ii.  258,  268 
CoJture  period,  ii.  11 
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Curves  of  embrro,  i.  369 

Cutix,  a.  200.  232 

Cnrier,  thcorj  of  catastrophes,  L  76 

1 

E«»,  »omri.irT»  or.  ii.  268 

Cytods,  i.  103 

labyrinth  ,.f.  ii.  262.  268 

Cytnia,  f.  176 

mnscleaof,  ii.271 

OjtooocoaE,  L  176 

nerve  of,  ii.  266 

ponoh  (utrteuius),  ii.  202 

D 

sac  (KK«ru»>.  ii.  2G3 

shell  of.  ii.  369 

DiLTOX,  i.  SI 

snail  of,  ii.  263.  ZGS 

Darwin,  ObnrlBs,  i.  96 

tminpet,  ii.  260 

dpfcent  of  man.  i.  109 

Tesioles.  iL  266 

IBlectian,  Hieiiry  of,  i.  95 

WM.  glands  of,  ii.  269 

•eiuttl  selection,  i.  103 

BMdna,  iL  147 

EmamHB,  i  96 

minodcr-a.  L  48&i  ii.  99 

DGrwinism,  i.  95 

Bgg-ccll,  i.  133 

DMidua.  ii.  IGl,  I6G 

olChiok,  1.139 

MiimalB.  ii.  181 

Dtcidvata,  li.  161.  187 
Deilnction,  i.  lot;  ii.  37 

—sponge,  Mil 

oiearago.  i.  185,219 

Derma,  ii.  232 

holoMnBtio.  i.  215 

Deaoent,  tbeoty  of,  i.  84 

-human,  i.  137;   ij.  425 

*                 ■ —of  man,  i.  101 

Devanbn  period,  ii.  10, 19 

merobiaBtic.  i.  216 

Ttid^lphia,  ii.  149. 187 

Klhoiv,  ii.  278,  301 

DiffcrantiatioB,  i.  162,  IBft 

Eiomenlarv  organism,  i.  124 

Embryo  ol  Tertcbrates,  i.  SOD 

Digits,  IL  278 

Embryology,  i.  3 

Dilorial  period,  ii.  12.  IB 

Empty  intertine.ii.Sl* 

Dipneiut<mi.  115,  120 

Encepftn&m,  ii.  233 

Eudoccetarium,  ii.  3G6,  400 

DiBcoidal  oloange.  i.  225,  212 

BiitBropDoiiat&.ii.  86 

DiicopIaeenlaUa.  ii.  163,  187 

Entodgrtaa,  i.  206,  236 

Eooane  period,  ii.  11.  16 

DoeUiii^r,  i.  60 

fpidsmis,  ii.  300,  232 

Dorsal  farrow,  i.  302 

Epididyn..^  ii.  417.  428 

marrow.  iL  221 

EpisentiU,  i.  39.  41 

iwellings,  i.  303 

Ep'Seneii*,  theory  of,  i.  39,  41 

Doubfe-breathera,  ii.  117,  120 

Epithelial  tisEDS,  ii.  301 

WMtrili,  ii.  »7, 101 

EpittuiUum.ii.S6\.am 

«  Double-shield."  i.  297 

Epochs,  domtion  of.  ii.9 

DDBliBin.i.  17)  ii.  45e 

Evolution  of  forma,  i.  19 

of  functions,  i.  19 

Duetus  Garhwri,  ii.  416, 431 

history  of.  i.  1.  21 

irol^eri.  ii.  413.  431 

theory  of.  i,  34 

Bothtri.  ii.  415,  431 

Eioretory  or^oi,  i.  267  !  Ii.  40a 

Wolffii,  ii.  415,  431 

Etacalariam,  ii.  869,  400 

Prrttteolegy,  i.  108 
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Rzfcremities,  ii.  Ill,  806 
Eje,  ii.  250,  258 

conneotiye    membrane    of,    it 

251 

lids,  ii.  259 

netted  membrane  of,   ii.  252, 

258 

protective  membrane  of,  ii  251 

pupil  of,  ii.  250 

rainbow  membrane  of,  ii.  2f)2 

vascnlar  membrane  of,  ii.  252 

yesicles,  i.  357  j  iL  253 


9 


FaBRICIUS  AB  AqUAPKNDENTR,  1.  81 

Face,  doTclopment  of,  ii.  245,  346 

skull  of,  ii.  278,  29* 

Fallopian  canals,  ii.  431 

hydatids,  ii.  431 

Fatty  layer  of  corium,  ii.  232 
Female  breast,  ii.  202 

cells,  i.  171,  392 

copulatory  organs,  ii.  423 

exci^tory  ducts,  ii.  415,  431 

germ-glands,  ii.  398 

germ-layer,  ii.  898 

milk  glands,  ii.  202 

phallus  (CliiorisX  ii.  428 

sexuLl  organs,  ii.  423 

sexual  plate,  ii.  401 

uterus,  ii.  417 

Femur,  ii.  278,  304 
Fertilization,  i,  169, 176 
Fihula,  ii.  278,  304 
Fin,  central  rod  of,  ii.  802 
Fin,  rays  of,  ii.  302 

skeleton  of,  ii.  802 

Final  causes,  i.  16 
Fingers,  ii.  278 
Fishes,  ii.  109, 120 

fins  of,  ii.  Ill 

gastrula  of,  i.  219 

scales  of,  ii.  331 

Five  digited  foot,  ii.  123 
Flat-worms,  ii.  76 
Flesh,  i.  259 
Flesh.layer*  i.  236 
Foot,  ii.  170 
Force  and  matter,  ii.  456 

65 


Forces,  active,  ii.  457 

latent,  ii.  457 

Formative  functions,  i.  16 

yelk,  i.  216 

Forms,  science  of,  i.  20 
Frog-Batraohia,  ii.  131 
Frogs,  ii.  131 

egg-cleavage  of,  i.  203 

gastrula  of,  i.  207 

— —  larva  of,  ii.  127 

metamorphosis  of,  ii.  126 

Frontal  process,  ii.  244 
f^mctions  of  evolution,  ii.  156 

science  of,  i.  19 

Funiculus  genitalis,  ii.  418 
ufiibiliealis,  i.  383 ;  ii.  168 


Gall-bladdsit,  ii.  841 

ducts,  ii.  841 

intestine,  ii.  317, 830 

Ganoid  Fishes,  ii.  112, 120 

Gartnerian  duct,  ii.  416,  431 

Oastrcsa,  i.  232 ;  ii.  66 

theory  of,  i.  247  j  ii.  195 

Gastrsdads,  ii.  62,  70 

Gastrocystis,  i.  291 

Qastrodiscus,  i.  292 

Gastrula,  i.  192 1  ii.  65 

Bell-,  i.  198 

Bladder-,  i.  200 

Disc-,  i.  200 

Hood-,  i.  200 

Gcgenbaur,  i.  108;  ii.  96 

on    Comparative    Ana- 
tomy, ii.  96 

Gcgenbaur  on  hcad.skoloton,  ii.  298 

on    theory   of   descent, 

i.  108 

— — —  skull  theory,  ii.  298 

theory  of  limbs,  ii.  299 


Oeneratio  spontaneaf  ii,  80 
"  Gonerelle  Morphologlo,"  i.  102 
Geological  hypotheses,  i.  410 
Germ,  i.  3 
Germ-area,  i.  292 

dark,  i.  297 

light,  i.  297 


cavity,  i.  189 
disc.  i.  139.  226 
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&'rm.e|iiLb«1mm,  1i.  401 

glauds.  ii.  8i)8 

hiatorj,  i.  6,  21 

layer,  middle,!.  13 

roembniDe,  i.  180 

membnine  reside,  i.  1 

plate,  ii.  401 

point,  L  135 

~  Btield,  i.  297 

»pot,  i.  135 

vesicle,  i.  179,  2Q1 

ail)bon,ii.  ITS,  lei 
GtuaiBl  period,  ii.  11 
ainndi  of  inleBtine.  il  330 

skin,  i.  201 

0'a«t  phalK,  i\.  422 
alemmli  rmalea,  ii.  407 
n«atho>tomi,  ii.  109 
Qaeths,  WoiCgang,  i.  8S 

hii  iknll  theory,  ii.  S 

morphology,  i.  86 

OD  matamorphoBia,  i. 

on  iBftwn,  ii.  453 

on  Bpeci Beat  ion,  i.  90 

Gentle.  Ateiiander,  L  6S 
Oonades,  ii.  398 
nnnochorismvi,  ii.  69,  396 
OnnnphaH.  ii.  402 
aoTillK,  i.  178,  ISO 
Granfinn  follicles,  ii.  424 
Ovhtmacvlvm  Uunleri,  ii.  ii 


Bma.  R.  ZD5,  E32 
Hiur-*nimalB,  ii.  205 
Bairy  oDTering,  ii.  206 
Haliphyiema,  ii.  6G 
Bailer,  Albivcht,  i.  38 
Hand,  ii.  169 

Aeleton  of,  ii.  302 

Hare-lip,  ii.  246 
Uarrer,  i.  31 
Head-cap,  i.  S8G 

maiToir,  ii.  210 

plnte,  i.  335 

ribs,  ii,  298 

iheath,  i.  SS7 

Heart,  aoriclB  of,  if.  381 
Koricnlu'  proceuei  of,  ii 


Eoart  earity, !.  394 

daTelopmeut  of,  Ii  385 

I   human,  ii.  379.  382 

—  mesentery,  i.  394 

—  ventricle  of,  ii  881 
Heopitheci,  ii.  172 
Heredity,  i.  161 

Titinted,  I.  40S 

Hermaphrodites,  ii.  S95 
Qermaphradite  k''^'"^<  "•  401 

Verlcbrnles.  ii.  1 

HarmaphrodititrnvM,  ii.  69,  395 
Ileiperopitkeei,  iL  172 
HeterocliruniBm,  I.  IS 
Huterotopigm,  !.  13 
Hind-brain,  ii.  221.  239 

intesline,  ii.  343 

Umbs,  ii.  Ill 

Tip-bone,  it.  278 

liB,  Witholm,  i.  B4 

[istogeny,  i.  24 
HistflloKy.  L  24 
IlifltQphyly,  i.  24 
niTllow.worniB,  ii. : 
rioloblnslio  SfrgB,  i, 
HalogasiniJa,  i.  241 
Homology  of  prlmitiye  intmtiM,  L 
247  I  ii.  321 
of  the  animftl  tribes,  IL 


1.76 
i.  215 


337 


-  gcrm-layen,  i.  241 

-  seiea,  ii.  431 


nl.!ra=truli),i.  200,  241 

H<x>fcd  nniamls.  tl.  160, 188 
-n-plate,  i.  307 

Hom-Eti-atnoior  Epidernua,  ii.  200   ' 
■B»™«,  ii.  2T8,  304 

Umley,  i.  101  ;  ii.  294 

genn-lttj-or  theory,  i.  87 

his  Evitiencos,  i.  101 

Mi»n  ani  Ape,  i.  101 

primntes,  low  of,  ii.  177 

gkul!  theory,  ii.  201 

Ilyhbatcs,  ii.  181,  iS9 

Uy^ogpadia,  ii.  423 


ImACCLATI  COUCKFTIOS,  'l 

Indicidua  ii.  159,  187 
Indiridonlity,  i,  12D 
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[ndiTidnalitj  of  cells,  i.  128 

of  motamera,  i.  3 18 

Tndo.Ourmanio  pedigree,  ii.  23 
Indaction,  i.  104 ;  ii.  35 
Inorganio  bistorj  of  earth,  ii.  6 
Insects,  mental  capacity  of,  ii.  448 
Integumentum,  ii.  199 
Intestinal  germ-disc,  i.  291 
vctiicle,  i.  291 


bead-cavity,  i.  335 

Intestine,  after,  ii.  321 

blind,  ii.  330 

crooked,  ii.  319,  830 

digestive,  ii.  330 

emptv,  ii.  330 

middle,  ii.  330 

stomach,  ii.  330 

Invertebrates,  i.  414 
Jris,  ii.  252,  258 


Jaeger,  Gustav,  i.  101 
Jaw  arches,  ii.  102 

lower,  ii.  102 

upper,  ii.  102 

Jurassic  period,  ii.  14, 19 


Kant,  Ijimanvkl,  i.  79 
Kidneys,  ii.  403,  412 
Kidney  system,  ii.  403 

primitive,  ii.  30G,  410 

Kcnogencsis,  i.  12 
Kenogenetic  cleavage,  i.  231 
Kernel  of  cell  (nucleus),  i.  127 
Klcinenberg,  Nicolaus,  ii.  358 
Kullikcr,  Albert,  i.  59,  62 
Kowalcvsky,  August,  i.  59,  441 


LABrRfNTii  op  EAR,  ii.  2C0 
Labynntbulao,  ii.  58 
[jatuarck,  Jean,  i.  82 

his  life,  i.  82 

Man  and  Ape,  i.  85 

*'  i'hiloaophio  Zoologiqne," 

i.83 


Lamina  dermalia  i.  278,  827 

gastralis,  L  273,  327 

inodermalis,  i.  327 

inogastralis,  i.  327 

myxogaslralis,  i.  327 

neurodermalia,  i.  327 

Lampreys,  ii.  101,  121 
Lancelot,  i.  253,  413 
Lankester,  B^y,  i.  60 
Lanugo,  ii.  206 
Larynx,  ii.  330 

Latehra  (of  bird's  egg),  L  138 
Laurentian  pei*iod,  ii.  9,  19 
Layers  {Lamina),  i.  273,  327 
Leather-plate,  i.  327 

skin,  ii.  200,  232 

Leenwenhoek,  i.  37 
Leg,  lower,  ii.  278 

upper,  ii.  278 

Leibnitz,  i.  39 
Lemuiia,  ii.  183 
Lemurs,  ii.  164 
Lens,  ii.  251,  254 
Lepidosiren  paradosBa,  ii.  119 
Leptoeardia,  ii.  120 
Limbs,  ii.  Ill,  303 

fore,  ii.  302 

hind,  ii.  806 

skeleton  of,  ii.  805 

theory  of,  ii.  805 

LinniBus,  Earl,  i.  73 
Lip-oartilage,  ii.  243 

fissure,  ii.  246 

Liver,  iu  330,  841 
Lizards,  ii.  120, 129 
Locomotorium^  iL  194,  274 
Lori,  ii.  163 
Lyell,  Charles,  i.  77 
Lymph-cells,  ii.  366 
Tesscls,  ii.  373 


Macula  gtrminativa,  i.  133 
Magoaphctra  planvla,  ii.  60 
Male  breast,  ii.  204 

cells,  L  171 ;  ii.  892 

copidatorj  organs,  ii.  423 

excretory  ducts,  ii.  414,  431 

— -  germ-glands,  ii.  898 
genn-la,yery  iL  898 
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M&Ie  milk-glandg,  fi,  204   < 

M;J.ile  grmn.lnyer,  I.  STB 

—  phiUlDi  (Pmi.),  ii.  423 

— inlealine,  ii.  330 

Bxxaal  orgflna,  ii.  431 

Inyerg.  i.  278 

sexual  plulc,  {{.401 

imrt  of  fuot,  ii.  278,  SO* 

DteroB,  ii.  419 

hftnd,  ii  278.  804 

Mnlpigbi,  i.  31 

MiKTution.  tbeory  of,  L  114 

Malthns,  i.  98 

Milk,  ii.  203 

Stan,ill<^  ii.  2M 

Rlands,  ii.  143,208 

Hamma,  \i.  20i 

Mind,  ii.  226,  4-t7 

Jfa,nmi«,ii.  Ul,  187 

activity  of,  ii,  210 

MnmmalB,  eeB-clcaTnge  of,  i.  810 

oella  of,  i.  129 

gaslT«.la  of,  i.  213 

herodity  of,  ii.  452 

*18 

3/o!U.ra,  ii.  92,  94 

Man-ftpeB.  ii.  178 

Monads,  i.  39 

Mantle  uiiiDBU,  ii.  83 

Monora,i.  180j  ii,  48 

Jfonm-fo,  i.  179 

Moniatic  philosophy,  i.  16,  iL  466 

Martini,  Ohnrlea,  ii.  304 

MoDocondyles,  ii.  138 

ifonodetphia,  U.  151.  187 

Uatemal  placenta,  ii.  160 

Matter,  iL  457 

Monophjietio  origin,  ii.  277 

McoLaniBm  in  natore,  i.  80 

M„jtorhina,  ii.  101,  120 

Meckel's  Oftrtilage,  ii.  204 

Mnnotrema,  ii.  145,  197 

ilrdulla,  ii.  Ell,  232 

Monstrona  erolotioo.  i.  168 

MJI.-(t«,  ii.  211 

Morphogeny,  i.  21,  2i 

«n(ra(ii,  iL  211 

Morphology,  i.  21 

— oblongata,  ii.  211 

Morphophyly.  i.  24 

iptnatif,  u.  211 

Jforulo,i.l89 

Medollary  tniTow,  i.  303 

Motor  appnralnB,  ii.  194,  87* 

Mouth,  i.33Bi  ii.  315,390 
osTily,  ii.  315,  830 

groore,  i.  338 

Umingti,  ii.  22S.  233 

Mnd.BBhes,  ii.  IIS,  120 

Heroblwtio  egg«,  213 

Mallwrry-gerTO,  i.  189 

Miillcr,  Frlti,  i.  59,  408 

Hfrrnaon,  i.  170 

31t«,derma,  i.  236.  278 

JohaanoB,  i.  59  ;  ii.  96,  414 

HMoUthio  epoch,  ii.  14,  19 

MqllerioD  duct,  ii.  414.  431 

Merowio  periods,  ii.  12,  14 

Muscles, ;.  259;  ii.  36i 

Mascle-plBte,  i.  353 

W-fBtfOjtw,  ii.  321 

system,  ii.  308 

JWB/UBMtruio,  i.  199 

ily^inoidei,  ii.  101,  120 

MuUiuerio  stTnotare,  i.  317 

H 

Melutarnis.  ii.  278,  8M 

J/doioB  (inteBtinal  animals),  i.  213  i 

Natis,  ii.  204,  232 

ii.bS 

1                       J).Vr«(*rt«,  ii.  149 

1               uid.biwD,  ii.  £21,  mi 

Nntnial  history  of  creation,  L  109 

philosophy,  i.  82 

NBTel,i.815,336 
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N'avel  arteries,  i.  400 

cord,  i.  884  ;  ii.  168 

mesentery  arteries,  i.  395 

veins,  i.  399 


veios,  i.  399 

vesicle,  i.  887,  377 

Naok  cnrvature,  i.  369 

marrow,  iL  211,  222 

vertebrae,  ii.  281 

Marve-oells,  i.  126 

system,  iu  211, 232 

Nenrcmnscnlar  cells,  ii.  232,  286 
Nictitating  membrane,  ii.  259 
Nipples  of  milk-glands,  ii.  202 
Nipple-less  animals,  ii.  146,  204 
Nose,  i.  374;  ii.  247 

of  Ape,  ii.  175 
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